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ABSTRACT

Atherosclerotic cardiovascular disease (ASCVD) is accelerated in people with diabetes. Dyslipidemia, hyperglycemia, oxidative stress, and inflammation play a role
via a variety of mechanisms operative in the artery wall. In addition, some unique features predispose people with type 1 diabetes to accelerated atherosclerosis.
Various organizations have created guidelines that provide advice regarding screening, risk assessment, and roadmaps for treatment to prevent ASCVD in diabetes.
Management of dyslipidemia, especially with statins, has proven to be of immense benefit in the prevention of clinical CVD. However, since many patients fail to
attain the low levels of low-density lipoproteins (LDL) recommended in these guidelines, supplemental therapy, such as the addition of ezetimibe, bempedoic acid or
PCSK9 inhibitors, is often required to reach LDL goals. As a result, the upfront use of combination therapies, particularly a statin plus ezetimibe, is a rational initial
approach. The addition to statins of drugs that specifically lower triglyceride levels has not proven beneficial, although the addition of icosapent-ethyl has been
shown to be of value, likely by mechanisms independent of triglyceride lowering. Newer treatments in development, including apoC-III and ANGPTL3 inhibitors,

seem promising in further reducing apoB-containing lipoproteins.

1. Epidemiology of cardiovascular disease in diabetes

Atherosclerotic cardiovascular disease (ASCVD) is the major cause of
morbidity and mortality in patients living with diabetes [1,2]. Studies
indicate the risk is increased several folds compared to individuals
without diabetes [3]. Moreover, the risk is increased in metabolic syn-
drome (MetS) and prediabetes [4-6]. Much of the increased risk in type
2 diabetes (T2DM), prediabetes and MetS can be attributable to the
clustering of several CVD risk factors, such a dyslipidemia, hypertension,
hyperglycemia, obesity, systemic inflammation, and a pro-thrombotic
tendency.

Although 90-95% of individuals with diabetes have type 2 diabetes,
ASCVD risk is also increased in type 1 diabetes (T1DM) [2]. Although
atherosclerosis begins early in life even in the absence of diabetes, early
onset atherosclerosis occurs more commonly in the presence of T1DM
[7,8]. Autopsy studies have shown accelerated atherosclerosis in young
individuals with TIDM compared to age-matched non-diabetic controls
[9]. In addition, a high prevalence of asymptomatic coronary athero-
matous lesions was detected in TIDM by coronary artery calcification
[10] and intra-coronary ultrasound [11].

ASCVD mortality has declined in people living with and without
diabetes in the past decades [1,2,12], likely attributable in large part to
better glycemic control, advances in the treatment of its associated CVD

risk factors, and the use of emerging drugs with favorable cardiovascular
benefits. However, these benefits are offset by an alarming increase in
diabetes prevalence [13]. Nonetheless, a relatively recent systematic
review of 57 articles involving 4 million people with diabetes indicated
an overall prevalence of ASCVD of 32.2%, with coronary artery disease
(CAD) being the most frequent type of CVD reported [14].

This article will focus on pathogenesis, prevention and treatment of
lipid and lipoprotein disorders related to ASCVD and stroke in people
living with diabetes, including the value of guidelines published by
various organizations, as well as newer approaches to therapy that are
under development.

2. Mechanisms of atherosclerosis in diabetes

The presence of increased macrophage and T lymphocyte content,
larger necrotic cores, and more healed plaque ruptures [15] suggests a
more active atherogenic process in diabetes. One possible explanation is
an increased prevalence of classical CVD risk factors in both types of
diabetes. Alternatively, mechanisms specific to diabetes may be opera-
tive. Attempts to understand potential mechanisms derive mainly from
pathological studies and studies in experimental animals, usually mice,
which are then extrapolated to humans with diabetes. Clinical trials that
show benefit from modifying particular risk factors suggest involvement
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of those factors in the pathogenesis of atherosclerosis in diabetes,
although they do not provide insights into the related mechanisms. This
section will begin by describing factors and mechanisms involved in
T2DM and its antecedent, MetS, after which we will briefly discuss how
atherosclerosis might be accelerated in T1DM. Since this article is
focused on lipids and lipoproteins in diabetes, it will deal mainly with
the section on dyslipidemia, while briefly discussing some of the other
mechanisms involved.

2.1. Dyslipidemia

The strongest evidence to explain increased atherosclerotic CVD in
both MetS and T2DM is dyslipidemia, characterized by hyper-
triglyceridemia, low levels of HDL-cholesterol (HDL-C), normal to
slightly elevated levels of LDL-cholesterol (LDL-C), with high apo B
levels and accumulation of small, dense LDL particles. Postprandial
dyslipidemia [16], due to enterocytic production of chylomicrons and
their remnants, as well as impaired clearance [17], also occurs in MetS
and T2DM.

Dyslipidemia can facilitate retention of atherogenic lipoproteins by
proteoglycans in the arterial intima, after which they can undergo
oxidative and enzymatic modification, generating toxic products that
can promote atherogenesis. Small, dense LDL are more easily retained
by vascular proteoglycans [18], contain less cholesterol per particle than
larger, more buoyant LDL, and are more susceptible to oxidative
modification [19], which plays an important role in atherogenesis (see
further below). In addition, in chronic inflammatory states such as those
in MetS and diabetes, HDL particles can acquire the inflammatory
molecule, serum amyloid A (SAA), the presence of which on HDL can
lead to its binding to vascular proteoglycans [20]. Once bound, it loses
its anti-inflammatory and antiatherogenic properties [21], including
facilitation of reverse cholesterol transport. HDL that is bound in the
arterial intima can undergo the same modifications and generate the
same toxic products as retained LDL, VLDL, and their atherogenic
remnants. Triglyceride-rich lipoproteins (TRLs) may be directly
atherogenic by virtue of their cholesterol content. In addition, apo C-III
might play a role in atherogenesis by inducing adhesion molecules [22]
and stimulating inflammation, migration and proliferation of vascular
smooth muscle cells [23].

Perhaps the most convincing evidence for dyslipidemia playing a
causal role in the pathogenesis of atherosclerotic CVD in diabetes is
provided by clinical trials in which lipid-lowering drugs, particularly
statins [24], but also ezetimibe [25] and proprotein convertase
subtilisin-kexin 9 (PCSK-9) inhibitors [26,27], have resulted in benefi-
cial clinical outcomes in people living with diabetes. Interestingly, these
drugs primarily lower LDL, with minimal to modest effects on TRLs,
increases of which are the hallmark of diabetic dyslipidemia. No ther-
apeutic approach has had more profound effects on the prevention of
CVD in MetS and T2DM than statins.

2.2. Hyperglycemia

Hyperglycemia is a hallmark of diabetes. While initial results from
clinical trials that targeted hyperglycemia were either negative or
borderline positive [28], more long-term follow up glucose-lowering
therapies support a role for hyperglycemia in the pathogenesis of
vascular disease in both T2DM [29] and T1DM [30], despite follow-ups
being after the end of the randomization period, at which time glucose
control was similar in the two groups.

High glucose levels can lead to endothelial dysfunction [31], char-
acterized by impaired endothelium-dependent vasodilation due to
reduced nitric oxide (NO) bioavailability [32], as well as increased
permeability [33] and inflammatory adhesion molecule expression [34],
all of which play a role in atherogenesis. Endothelial dysfunction can
also be caused by advanced glycation end-products (AGEs), which
interact with the Receptor for AGEs (RAGE). AGE-RAGE interactions
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activate signaling pathways in vascular endothelial cells, macrophages
and VSMCs, which can facilitate leukocyte recruitment into the arterial
intima, and enhance the release of pro-inflammatory molecules, all of
which can play a role in atherogenesis [35,36]. GLP1 receptor agonists
can affect atherosclerosis by reducing glucose and lipid levels,
increasing nitric oxide production, reducing inflammation, and smooth
muscle cell migration and proliferation [37], whereas SGLT2 inhibitors
have several effects on the artery wall that might inhibit atherogenesis,
including reduction of dyslipidemia and plaque size, inhibition of
leukocyte adhesion and transmigration, and reduction of endothelial
dysfunction, oxidative stress and inflammation [38]. These effects are
the same in people with and without diabetes.

2.3. Oxidative stress

Oxidative stress, characterized by increased oxidant production in
cells, is common in diabetes [39]. Metabolic abnormalities present in
diabetes, including AGE-RAGE interactions, cause mitochondrial su-
peroxide overproduction in endothelial cells, which can activate several
pathways involved in the pathogenesis of diabetes-related complica-
tions. Established ASCVD risk factors, including diabetes, enhance ROS
generation and decrease endothelial NO production [40]. ROS can cause
endothelial dysfunction and directly activate NFkB, which has multiple
downstream targets that can recruit macrophages and T-cells to the
artery wall, thereby increasing inflammation (see below) and athero-
sclerosis [41].

Oxidative stress may play a role in atherogenesis by oxidizing lipo-
proteins in the artery wall. Oxidized LDL can activate endothelial cells to
secrete MCPs, thereby recruiting monocytes and T cells into the intima
[42]. Lipid peroxidation products in oxidized LDL are broken down to
reactive aldehyde products that form adducts with lysine residue of apo
B on LDL, leading to reduced affinity for vascular proteoglycans, but
increased binding to non-proteoglycan components of extracellular
matrices [43]. However, the most likely mechanism by which oxidized
LDL contributes to atherogenesis is via uptake by scavenger receptor A,
CD36 and LOX-1 on macrophages, leading to formation of lipid-laden
foam cells [44-46], which are a major feature of fatty streaks, as well
as more mature arterial lesions. Uptake by LOX-1 can lead to foam cell
formation in VSMCs [46]. As lesions mature, macrophages secrete fac-
tors that cause migration and proliferation of VSMCs, and further
secretion of extracellular matrix molecules. Oxidized LDL-mediated
death of foam cells leads to necrotic core formation, which is preva-
lent in advanced lesions and more prevalent in diabetes [47]. Finally,
oxidized LDL can be involved in thrombogenesis [48], a precursor of
clinical events.

Small, dense LDL, which are associated with hypertriglyceridemia
and characteristically present in MetS and T2DM, are more susceptible
to oxidation in vitro than more buoyant, large LDL species [19]. More-
over, LDL from patients with diabetes showed increased susceptibility to
oxidation [49], and oxidized LDL levels in plasma were increased in
diabetes and improved with insulin treatment [50]. Thus, diabetes may
accelerate many adverse effects of oxidized LDL on the artery wall.

Although there is abundant evidence to support an important role for
oxidative stress and oxidized LDL in all stages of the atherogenic process,
and although some antioxidants have been shown to reduce athero-
sclerotic lesions in experimental animals [51,52] they have not been
shown to benefit cardiovascular events in clinical trials [53,54].

2.4. Inflammation

Inflammation has long been known to be an integral part of the
atherosclerotic process [55]. A recent proof-of-concept clinical trial, the
Canakinumab  Anti-Inflammatory Thrombosis Outcomes Study
(CANTOS), for the first time showed that inhibition of inflammation
using an antibody against Il-1p decreased cardiovascular events [56],
providing further evidence for the importance of inflammation in
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atherosclerosis. Inflammation is a hallmark of visceral obesity, MetS and
T2DM, in which inflammatory markers such as CRP and SAA are
elevated [57,58] and associate with increased CVD risk [59], suggesting
a link between inflammation, diabetes and CVD. In CANTOS, in which
about 40% of the subjects had T2DM and 49% had prediabetes, the
benefits of treatment were comparable to those who were normoglyce-
mic [60]. Another anti-inflammatory agent, colchicine, also reduced
recurrent CVD events in patients with a recent myocardial infarction
[61].

Several mechanisms by which chronic inflammatory states, such as
those present in visceral obesity, MetS and T2DM, can accelerate
atherosclerosis, as reviewed in [62], are beyond the scope of this article.

These diabetes-associated factors (dyslipidemia, hyperglycemia,
oxidative stress, and inflammation) can adversely affect thrombosis
[63], which often triggers clinical events such as myocardial infarctions.
Finally, complications associated with diabetes are associated with an
even greater acceleration of CVD complications. For example, the
presence of renal complications and diabetic retinopathy [64,65] is
associated with a marked increase in CVD risk by mechanisms that are
not clear but may relate to increased endothelial dysfunction and dys-
lipidemia associated with nephropathy [66,67], cardiac autonomic
neuropathy [68] and retinopathy [69]. Thus, several factors associated
with the diabetic state can influence the atherothrombotic process at
multiple stages, all the way from initiation of the fatty streak to pre-
cipitation of clinical events.

2.5. Type 1 diabetes

Several mechanisms by which atherosclerosis and ASCVD are
accelerated in T2DM and MetS are operative in T1IDM, but some
mechanisms may be unique to T1DM. Arterial stiffness, a surrogate
measure of early onset vascular disease, was highly prevalent and
associated with poor glycemic control, reduced insulin sensitivity, body
mass index, blood pressure, and elevated lipid levels in the SEARCH
study, which evaluated CVD risk factors in children and adolescents with
T1DM [70], suggesting that its rate of progression in T1DM is deter-
mined by the same risk factors as in adult CHD.

However, CVD risk remains increased even in well-controlled T1IDM
patients without additional cardiovascular risk factors, suggesting that
other factors may be involved. Chronic hyperglycemia and its conse-
quences may be one such factor [71], which although present in T2DM,
may be more pronounced and prolonged in T1IDM. Increasing evidence
from the Swedish National Diabetes Registry of T1IDM indicates the
important association of levels of glycemia in addition to other CVD risk
factors and major CAD events [72]. Data from the DCCT:EDIC also im-
plicates an important role for levels of glycosylated hemoglobin [73]
and lipid and lipoprotein disorders [74] in CVD complications. More-
over, hypoglycemia and glucose variability, which are likely to be more
common in T1DM, could potentially enhance CVD risk by exacerbating
oxidative stress, vascular inflammation, and endothelial dysfunction
[75]. Repeated episodes of hypoglycemia may cause endothelial
dysfunction [76] and glucose variability can stimulate the release of
proinflammatory cytokines such as IL-6 and TNF-a and trigger oxidative
stress [77].

Interestingly, lipid abnormalities in well controlled patients with
T1DM do not appear to be a major factor, although statin therapy clearly
reduces ASCVD events in T1DM [78] (see below). However, even though
HDL-C levels are often normal or even elevated in T1IDM [79], choles-
terol efflux capacity of HDL [80] and anti-oxidative properties of HDL
[81,82] can be reduced. In addition, individuals with T1DM can
simultaneously have features of MetS and T2DM, such as weight gain,
dyslipidemia, and hypertension, especially when well controlled [83,
84]. Therefore, they can concomitantly have dyslipidemia, chronic
inflammation and other ASCVD risk factors associated with MetS and
T2DM. T1DM is an autoimmune disease, in which a dysfunctional im-
mune system has been suggested to promote CVD through inflammatory
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pathways [81]. Finally, complications such as diabetic nephropathy
[85], cardiac autonomic neuropathy [68] and retinopathy [69], all of
which are common in long-standing T1DM, are associated with
increased CVD risk, although direct causality between microvascular
disease and ASCVD has not been shown.

Thus, in summary, T1DM shares several risk factors with T2DM, but
has some unique factors that may a play a role in atherogenesis in this
disorder.

3. Current ESC/EASD, ESC/EAS, and AHA/ACC guidelines

Screening, assessment and management of lipid and lipoprotein
disorders in patients living with diabetes are among the most important
steps to reduce ASCVD events. Recommendations of how to approach
this topic have been offered by many organizations worldwide but the
most complete evidenced-based guidelines currently available are those
of the European Society of Cardiology/European Association for the
Study of Diabetes (ESC/EASD) in 2020 [86], the European Society of
Cardiology (ESC)/European Atherosclerosis Society (EAS) also in 2020
[871, the American Heart Association (AHA)/American College of Car-
diology (ACC) Multisociety Guideline on the Management of Blood
Cholesterol in 2018 [88], with a subsequent paper that includes the
recommendations listed specifically for patients living with diabetes by
the AHA/ACC in Diabetes Care in 2020 [89]. These guidelines have used
the well accepted and standard methods of grading strength of class of
recommendations (COR) ranging from Class 1 which is strong, where
benefit far outweighs risk, to Class 3 where no benefit from clinical trials
and/or even possible harm has been experienced. Reported levels of
evidence (LOE) range from level A, where there is strong evidence
provided by multiple populations in which results have been evaluated
from data obtained in randomized controlled trials or from
meta-analyses, to Class C-LD where data are from randomized or
non-randomized observational or registry studies with limitations in
design or implementation, meta-analyses of such studies and/or clinical
research in humans subjects that is mostly physiological or mechanistic.

To compare the three guidelines, a table has been created which
presents a summary of recommendations for each set of guidelines
adjoined by class of recommendations (COR) and levels of evidence
(LOE) (columns) that are pertinent to each specific area of recommen-
dations (rows) (Table 1). Recommendations related to management are
presented in bold text. The following text will be used to point out
important differences between the three organizations.

3.1. Screening

In the AHA/ACC and ESC/EAS guidelines, screening for the mea-
surement of lipids can be performed in individuals who fast for 10-12 h
or do not fast. However, ESC/EAS states that for non-fasting values ‘the
determination of some key analytes, such as fasting glucose, may be
compromised’, yet non-fasting glucose may still be meaningful for pa-
tients with diabetes. For patients with diabetes, the ESC/EASD guide-
lines fail to stipulate ages for screening, however, a more detailed set of
assessments in their guidelines are listed in subsequent sections. In
screening, AHA/ACC guidelines qualify a TG level >200 mg/dL (2.3
mmol/L) to recommend measuring apo B whereas ESC/EASD guidelines
give no such guidance and ESC/EAS state that apo B may be a secondary
objective for people with diabetes. The ESC/EASD guidelines do provide
a more detailed description of screening for the presence of CVD in
patients with diabetes, but the LOE is C rather than A.

3.2. Lifestyle

The ESC/EASD, ESC/EAS, and AHA/ACC recommend the impor-
tance of a heart healthy lifestyle for primary and secondary prevention
of ASCVD in all patients. Although many of these recommendations are
not specific to patients with diabetes, the overall intent is that ASCVD



Table 1

Summary of recommendations for each set of guidelines adjoined by class of recommendations (COR) and levels of evidence (LOE) (columns) that are pertinent to each specific area of recommendations (rows).

ESC/EAS

ESC/EASD

ACC/AHA

Screening in Patients with DM

Heart Healthy Lifestyle

ASCVD History

Defining Very-High Risk

Defining High Risk

Age >10 years - Lipid profile, fasting or non-
fasting.

Non-HDL-C and apoB recommended for DM
patients and may be a secondary objective.
DASH and Mediterranean-style dietary
patterns; physical activity; weight loss for
patients living with overweight/obesity.
History of acute coronary syndrome (ACS),
history of myocardial infarction (MI), stable or
unstable angina or coronary or other arterial
revascularization, stroke, transient ischemic
attack (TIA), or peripheral artery disease (PAD)
including aortic aneurysm, all of atherosclerotic
origin and unequivocally documented ASCVD on
imaging known to be predictive of clinical events,
such as significant plaque on coronary
angiography or CT scan (multivessel coronary
disease with two major epicardial arteries having
>50 % stenosis), or on carotid ultrasound.

If present, LDL-C lifestyle intervention and
concomitant drug intervention is > 1.4 mmol/
L (55 mg/dL).

In primary prevention, for individuals at very-
high risk but without FH or at very-high risk (that
is, with another risk factor but without ASCVD).
LDL-C reduction of >50% from baseline and an
LDL-C goal of <1.4 mmol/L (55 mg/dL).
Non-HDL-C <2.2 mmol/L (<85 mg/dL) and
apoB <65 mg/dL.

Statins are recommended in patients with T1D
who are at high or very-high risk.

No target organ damage, DM duration >10 years
or another risk factor. SCORE >5% and <10%
LDL-C reduction of >50% from baseline and an
LDL-C goal of <1.8 mmol/L (55 mg/dL).
Non-HDL-C <2.6 mmol/L (<100 mg/dL) and
apoB<80 mg/dL mg/dL.

Statins are recommended in patients with T1D
who are at high or very-high risk.

Not addressed

Lifestyle changes are key to prevent DM
and its CV complications. ¢ Reduced
calorie intake.

See very high or high risk.

History of coronary heart disease, non-fatal
MI, ischemic stroke.

Patients with diabetes and established CVD
or other target organ damage (proteinuria,
renal impairment defined as eGFR <30 mg/
min/1.73 m [2], LVH or retinopathy) or > 3
major risk factors (age, hypertension,
dyslipidemia, smoking, obesity) or early
onset T1DM of long duration (>20 years)
In patients with T2DM at very high CV
risk, an LDL-C target of <1.4 mmol/L
(<55 mg/dL) and LDL-C reduction of at
least 50 % is recommended.

In patients at very high risk, with
persistent high LDL-C despite treatment
with maximum tolerated statin dose in
combination with ezetimibe, or in
patients with intolerance to statins, a
PCSK9 inhibitor is recommended.

In patients with T2DM, a secondary goal
of a non-HDL-C target of <2.2 mmol/L
(85 mg/dL).

Patients with DM duration >10 years
without target organ damage plus any other
additional risk factor.

In patients with T2DM at high CV risk, an
LDL-C target of,1.8 mmol/L (<70 mg/dL)
and LDL-C reduction of at least 50% is
recommended.

In patients with T2DM, a secondary goal
of a non-HDL-C target of,2.6 mmol/L
(<100 mg/dL) in high-risk patients is
recommended.

Age >10 years - Lipid profile, fasting or
non-fasting. Elevated apoB >130 mg/dL and
a relative indication for its measurement
would be TG > 200 mg/dL.

DASH and Mediterranean-style dietary
patterns; physical activity; weight loss for
patients living with overweight/obesity.
History of acute coronary syndrome (ACS),
those with history of myocardial infarction
(M), stable or unstable angina or coronary or
arterial revascularization, stroke, transient
ischemic attack (TIA), or peripheral artery
disease (PAD) including aortic aneurysm, all
atherosclerotic origin.

High intensity statin

| LDL-C >50%.

Major risk factors (e.g., cigarette smoking,
elevated BP, LDL-C, hemoglobin A1C, and
calculated 10-year risk of ASCVD); the
presence of risk-enhancing factors.

Multiple risk factors or those 50 to 75
years of age, it is reasonable to use a high
intensity statin to reduce the LDL-C level
by > 50%.

COR LEVEL OF EVIDENCE
ACC/AHA -1 ESC/EAS A
ESC/EAS 1 ACC/AHA -C
ACC/AHA -1 ACC/AHA -A
ESC/EAS 1 ESC/EAS A
ESC/EASD - 2A ESC/EASD -B
ACC/AHA -1 ACC/AHA -A
ESC/EAS 1 ESC/EAS A
ACC/AHA -1 ACC/AHA -A
ESC/EAS 1 ESC/EAS A
ESC/EASD -1 ESC/EASD -B
ESC/EAS 1 ESC/EAS A

(continued on next page)
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Table 1 (continued)

ESC/EAS

ESC/EASD

ACC/AHA

COR

LEVEL OF EVIDENCE

Defining Moderate Risk

Statins

Age 40-75 years LDL-C 70-189
mg/dL (1.7-4.8 mmol/L)

Age 40-75 years LDL-C >70 mg/
dL (>1.8 mmol/L)

Age 50-75 years + multiple risk
factors

Older Adults or Age >75 years
on statin

10-Year Risk >20%

Older Adults or Age >75 years

Age 20-39 years DM duration
>10 years (T2D) or >20 years
(T1D) + >30 pg albumin/mg
creatinine, eGFR <60 mL/
min/1.73 m?, retinopathy,
neuropathy, or ABI<0.9

Atherogenic dyslipidemia (1TG,
JHDL-C)

T1D age <35 years, T2D age <50 years with
duration <10 years without another risk factor
and calculated SCORE <1% and <5% for 10-year
risk off fatal CVD.

LDL-C goal of <2.6 mmol/L (100 mg/dL).
Non-HDL-C <3.4 mmol/L (<130 mg/dL) and
apoB<100 mg/dL.

1)-Recommended in T1D with high or very-high
risk;

2) -In T1D and T2D intensity statin before adding
ezetimibe. 3)-Statins not recommended in women
who are pregnant or considering pregnancy.

Treatment with statins is recommended for
older people with ASCVD in the same way as
for younger patients.

Treatment with statins is recommended for
primary prevention, according to the level of
risk, in older people aged <75 years.

Statin therapy may be considered in both
T1DM and T2DM patients aged <30 years with
evidence of end organ damage and/or LDL-C
>2.5 mmol/L, if pregnancy is not being
planned.

Lifestyle modification with weight loss.

Drug treatments of patients with
hypertriglyceridemia in high-risk (or above)
patients with TG between 1.5 and 5.6 mmol/L
(135-499 mg/dL) despite statin treatment, n-3
PUFAs (icosapent-ethyl (2 4 g/day) should be
considered in combination with statins.

Young patients (T1DM aged <35 years or
T2DM < 50 years) with duration of DM <
10 years, without other risk factors.

In patients with T2DM at moderate CV
risk, an LDL-C target of <2.6 mmol/L
(<100 mg/dL) is recommended.

Administration of statins is defined based
on the CV risk profile of the patient and the
recommended LDL-C (or non-HDL-C) target
levels.

Statins may be considered in
asymptomatic patients with TIDM aged
>30 years.

Statins should be considered in patients
with T1DM at high CV risk, irrespective
of the baseline LDL-C level.

Statins are recommended as the first-
choice lipid-lowering treatment in
patients with DM and high LDL-C levels.
Statins are not recommended in women
of childbearing potential.

Lifestyle intervention (with a focus on
weight reduction, and decreased
consumption of rapidly absorbed
carbohydrates and alcohol), and fibrates
should be considered in patients with
low HDL-C and high triglyceride levels.

In very high-risk ASCVD, use a LDL-C
threshold of 70 mg/dL (1.8 mmol/L) to
consider addition of non -statins to statin
therapy. In patients with DM at higher
risk, especially those with multiple risk
factors or those 50 to 75 years of age, it is
reasonable to use a high intensity statin to
reduce the LDL-C level by > 50%.

Reasonable to assess 10-year risk of a 1st
ASCVD event by using the race and sex-
specific PCE to help stratify ASCVD risk.
Moderate-intensity statin therapy without
calculating 10- year ASCVD risk.
Reasonable to recommend high intensity
statin to | LDL-C >50%.

Reasonable to continue statin.

Reasonable to add ezetimibe to maximally
tolerated statin to | LDL-C >50%.

With LDL-C of 70-189 mg/dL (1.7 mmol/L
to 4.8 mmol/L) - reasonable to add statin
after discussion of risks vs. benefits.

It may also be reasonable to obtain a CAC
and if score is zero to withhold statin.

Reasonable to start statin.

Not Addressed.

ESC/EAS 1
ESC/EASD -1

ESC/EAS 1) -2A
ESC/EAS 2) - 2A
ESC/EAS 3) 3

ACC/AHA - 2A

ACC/AHA 1

ACC/AHA 2A
ACC/AHA 2A
ACC/AHA 2B

ACC/AHA 2B
ESC/EAS - 1

ACC/AHA 2B
ESC/EAD 2B

ESC/EAD -EPA, 1
ESC/EAD -fibtrate,2
ESC/EASD - fibrate,2A

ESC/EAS A
ESC/EAS - A

-C
2)-B
3)-C

ACC/AHA B-

ACC/AHA A
ACC/AHA BR
ACC/AHA BR
ACC/AHA C-LD

ACC/AHA C-LD
ESC/EAS -A

ACC/AHA-CLD
ESC/EAD —C

ESC/EAD -EPA, B
ESC/EAD-fibrate, C
ESC/EASD - fibrate, B
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risk reduction would be similar if not identical to patients with disorders
of lipid/lipoprotein metabolism with or without diabetes. The reduction
in LDL-C that relates to avoidance of trans fat (Level A), reduction of
dietary saturated fats and body weight if overweight/obesity are present
(Level A), and dietary cholesterol (Level B) is consistent with dietary
patterns such as the Dietary Approaches to Stop Hypertension (DASH)
diet [90] as well as the Mediterranean style diet [91], with the Medi-
terranean dietary pattern recommended in all three guidelines. For
weight reduction, caloric restriction to achieve a weight reduction of
5-10% will reduce LDL-C modestly, but also reduce TG, increase HDL-C,
and decrease blood pressure, biomarkers of inflammation, the pro-
thrombotic state, and levels of glycemia in patients with diabetes and
prediabetes/MetS. Unfortunately, despite all these cardiometabolic
benefits of weight loss, evidence that weight reduction in patients living
with T2DM reduces ASCVD events, ASCVD mortality or all-cause mor-
tality is lacking [92]. Increases in physical activity are also part of a
heart healthy lifestyle, however, the AHA/ACC and ESC/EAS guidelines
do not specify recommendations for patients living with diabetes
whereas the ESC/EASD guidelines provide more direction for patients
with diabetes. The AHA Essential 8s provide a series of lifestyle rec-
ommendations that are important for all individuals if not even more so
in patients living with diabetes [93].

3.3. Risk assessment

3.3.1. ASCVD

AHA/ACC and ESC/EAS criteria to define ASCVD are similar except
ESC/EAS distinguish their recommendations to include imaging pre-
dictive of clinical events, such as significant plaque on coronary or CT
angiography (multivessel coronary disease with two major epicardial
arteries having >50% stenosis). For patients with diabetes and ASCVD,
ESC/EAS and ESC/EASD state that after lifestyle intervention, the LDL-C
goal should be <1.4 mmol/L (55 mg/dL) whereas AHA/ACC recom-
mends high intensity statin to decrease LDL-C >50%. ESC/EASD
guidelines include patients with known ASCVD and those classified as
being at very high risk.

3.3.2. Very high risk

ESC/EASD criteria for very-high risk include patients with diabetes
and established CVD or other target organ damage (proteinuria, renal
impairment defined as eGFR <30 mg/min/1.73 m?, LVH or retinopathy)
or >3 major risk factors (age, hypertension, dyslipidemia, smoking,
obesity) or early onset TIDM of long duration (>20 years) which for
T1DM is like ESC/EAS. Here, the ESC/EASD guidelines use Systematic
Coronary Risk Estimation (SCORE - see Risk Calculation section below)
to estimate CVD mortality risk, i.e., >10% and add goals for other bio-
markers which may be particularly applicable in patients with diabetes
i.e., non-HDL-C and apo B. The ESC/EAS guidelines define very-high risk
for primary prevention or secondary prevention for patients with dia-
betes, who have another major risk factor that is assumed but not clearly
defined whereas AHA/ACC lists major risk factors as cigarette smoking,
elevated BP, LDL-C, hemoglobin A1C, and calculated 10-year risk of
ASCVD. The AHA/ACC also list the presence of risk-enhancing factors
which may contribute to very-high risk: family history of premature
ASCVD; persistently elevated LDL-C levels >160 mg/dL (>4.1 mmol/L);
MetS; chronic kidney disease; history of preeclampsia or premature
menopause (age <40 years), chronic inflammatory disorders (e.g.,
rheumatoid arthritis, psoriasis, or chronic HIV); high-risk ethnic groups
(e.g., South Asian); persistent elevations of TG >175 mg/dL (>1.97
mmol/L); and, if measured in selected individuals, apo B >130 mg/dL,
high-sensitivity CRP >2.0 mg/L, ankle brachial index (ABI) <0.9 and
lipoprotein (a) >50 mg/dL or 125 nmol/L, especially at higher values of
lipoprotein (a). In these patients with multiple risk factors or those
50-75 years of age, it is reasonable to use a high intensity statin to
reduce the LDL-C level by >50%.
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3.3.3. High risk

The ESC/EASD guidelines define high risk as patients with diabetes
duration >10 years without target organ damage plus any other addi-
tional risk factor. In addition, detection of atherosclerotic plaque in
carotid or femoral arteries by CT, or magnetic resonance imaging, may
be considered as a risk modifier in patients with diabetes at moderate or
high-risk CVD. AHA/ACC guidelines fail to distinguish high risk from
very high risk. However, ESC/EAS defines high risk as patients with no
target organ damage and duration >10 years or another risk factor and a
SCORE of >5% and <10% CVD risk is expected. Guidance for non-HDL-
C and apo B levels is again provided.

3.3.4. Moderate risk

ESC/EASD and ESC/EAS guidelines define moderate risk as patients
with T1IDM age <35 years, T2DM age <50 years with duration <10
years without another risk factor and calculated SCORE >1% and <5%
for 10-year risk of fatal CVD. In asymptomatic patients living with dia-
betes, ESC/EASD indicates that carotid and/or femoral plaque burden
with arterial ultrasonography should be considered as a risk modifier.
Ankle-brachial index and/or coronary calcium score (CAC) with CT may
also be considered as a risk modifier in CV risk assessment of asymp-
tomatic patients with diabetes at moderate risk. CT Coronary Angiog-
raphy (CTCA) or functional imaging (radionuclide myocardial perfusion
imaging, stress cardiac magnetic resonance imaging, or exercise or
pharmacological stress echocardiography) may be considered in
asymptomatic patients with diabetes for screening of CAD. AHA/ACC
guidelines do not define moderate risk but have similar treatment goals
for individuals aged 40-75 years and feel that it is reasonable to assess
10-year risk of a first ASCVD event by using the race and sex-specific
pooled cohort equation (PCE) (see Risk Calculation section) to help
stratify risk. Treatment goals again include non-HDL-C and apo B in
addition to LDL-C. Rather than addressing levels of risk as high or
moderate, AHA/ACC categorizes risk based on age and level of LDL-C.

3.3.5. Risk calculation

AHA/ACC use PCE to assess the 10-year risk for an ASCVD event [94]
whereas ESC/EAS use SCORE, which is based on large, representative
European cohort data sets and includes gender, age, systolic BP, total
cholesterol, and smoking status [95]. PCE is best used to estimate
10-year risk in US adults 40-75 years of age and its major attribute is
that it includes major, independent factors such as age, gender, race,
total cholesterol, HDL-C, systolic BP, presence, or absence of BP
lowering medications, diabetes, and smoking. Yet importantly, SCORE
can be recalibrated for use in different populations by adjusting for
secular changes in CVD mortality and risk factor prevalence. SCORE risk
is also influenced by a large series of factors that can modify risk cal-
culations, i.e., central obesity, physical inactivity, psychosocial stress,
family history of premature CVD, inflammatory disorders, major psy-
chiatric disorders, HIV treatment, atrial fibrillation, left ventricular
hypertrophy. chronic kidney disease, obstructive sleep apnea syn-
drome., and non-alcoholic fatty liver disease. The ESC/EASD guidelines
list only the STNTAX (Synergy between Percutaneous Coronary Inter-
vention with TAXUS and Cardiac Surgery) score but only to determine
the type of revascularization in patients with diabetes with stable cor-
onary artery disease, suitable coronary anatomy, and low predicted
surgical mortality for CABG vs. PCI [96].

3.3.6. Older adults

The ESC/EASD provides guidance for management of BP and levels
of glycemia in older patients living with diabetes, but no recommen-
dation is made for lipid management. The ESC/EAS state that because
older people frequently have comorbidities and have altered drug
pharmacokinetics, lipid-lowering medications should be started at a
lower dose and then titrated with caution to achieve target lipid levels
that are the same as in younger people. AHA/ACC states that in adults 75
years of age or older with LDL-C of 70-189 mg/dL (1.7 mmol/L to 4.8
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mmol/L) it is reasonable to add a statin after discussion of risks vs.
benefits with the patient. It may also be reasonable to obtain a CAC, and
if the score is zero to withhold statin.

3.4. Atherogenic dyslipidemia

This lipid/lipoprotein disorder is defined by TG >150 mg/dL (1.7
mmol/L), HDL-C <40 mg/dL (1.0 mmol/L) for men and <50 mg/dL
(1.3 mmol/dL) for women, and an increased concentration of small,
dense LDL and HDL is common in patients with T2DM [97]. AHA/ACC
guidelines do not address patients with atherogenic dyslipidemia
whereas ESC/EAS and ESC/ESAD recommend lifestyle modification
with weight loss and limitation of rapidly absorbed dietary carbohydrate
and alcohol. Drug treatments can be considered in High-Risk patients
with hypertriglyceridemia (see the following section).

4. Approach to implementing current guidelines

As per the previous section on guidelines, first-line treatments of
lipid and lipoprotein disorders in patients with T2DM, are drugs that
target LDL-C, specifically statins. Ezetimibe, bempedoic acid, and PCSK9
monoclonal antibodies (evolocumab and alirocumab), and small-
interfering RNA (siRNA) molecules (inclisiran) may be used singly or
in combination to reduce levels of atherogenic apo B-containing lipo-
proteins in certain circumstances. In the next section, we discuss the
specific lipid lowering options for both monotherapy and combination
therapy for the prevention and treatment of CVD in diabetes.

5. Drugs targeting LDL cholesterol
5.1. Statins

Competitive inhibitors of hydroxy-methylglutaryl-CoA reductase
(HMGCoA reductase) - statins - remain the cornerstone of treatment of
dyslipidemia in patients living with diabetes. As in those without T2DM,
statins reduce the risk of ASCVD in patients with diabetes by an average
of 20% for every 1 mmol/L (39 mg/dL) decrease in LDL-C, independent
of other characteristics [78]. These data from the Cholesterol Treatment
Trialists meta-analysis, as well as landmark studies in diabetes such as
CARDS (Collaborative Atorvastatin Diabetes Study) [98] and HPS
(Heart Protection Study) [99], support the use of statins as first line
therapy to lower LDL-C and reduce ASCVD risk [78]. Intensive statin
treatment, leading to lower LDL-C levels, results in a greater benefit than
low-to-moderate intensity statin treatment. Metanalyses comparing
these two approaches demonstrated an additional 9% relative risk
reduction for CVD events with high-intensity statin [100]. Current
guidelines recommend titrating to the maximally tolerated dose of a
high-intensity statin (e.g., atorvastatin 40-80 mg daily, rosuvastatin
20-40 mg daily). In patients with intolerance to either of these drugs,
other statins at their maximum tolerated dose can be tried [87]. Mod-
erate and high intensity statins can increase the risk of diabetes, espe-
cially in people with the MetS, which is offset by a ~10 greater relative
benefit on major vascular outcomes [101].

5.2. Ezetimibe

Ezetimibe is a highly selective inhibitor of intestinal absorption of
cholesterol through interaction with the specific cholesterol-
transporting protein Nieman-Pick Cl-Like 1 protein, which results in
reduced concentrations of cholesterol in portal blood and liver, and
hence up-regulation of LDL-receptors on the surface of hepatocytes,
leading to reduced LDL-C plasma levels. The mainstay of its use is in
combination with statins, where ezetimibe decreases LDL-C concentra-
tions by an additional 20% on average. In a subgroup of 4933 patients
with T2DM in the IMPROVE-IT study, addition of ezetimibe to a statin
was associated with an absolute decrease in the primary outcome by an
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additional 5.5%, while in patients without diabetes it was only 0.7%
[25], providing an important rationale for the use of this combination in
people living with diabetes. The more pronounced effect of ezetimibe in
people with diabetes may be explained by ezetimibe’s influence on
postprandial hyperlipemia, which characterizes the lipid phenotype in
diabetes [102]. Of interest is the observation that patients with T1DM
have an increase in cholesterol absorption markers and a decrease in
markers of cholesterol synthesis [103], which might account for the
preferential LDL-C lowering effect of ezetimibe in these patients.

5.3. Upfront combination therapy

Most patients with T2DM fall within high and very high CVD risk
categories and, according to guidelines, require attainment of very low
levels of LDL-C, which may be difficult with monotherapy alone. Evi-
dence from the DA VINCI [104] and SANTORINI [105] studies
demonstrate that among high/very high-risk primary and secondary
prevention patients receiving Lipid Lowering Therapy (LLT), only
one-fifth of patients achieved ESC/EAS 2019 goals. In a large Italian
cohort of patients with diabetes, only 10% of those at high CV risk and
9% of those at very high risk were at goal for LDL-C [106]. A practical
approach to overcome this failure to achieve LDL-C goals in real life
settings is to consider alternate lipid lowering approaches that are
effective, easy to implement, safe and associated with acceptable
adherence. Because very high-risk patients often require a reduction of
LDL-C by more than 50% to reach their LDL-C goals when starting
therapy, the concept of upfront combination therapy (for the first time
introduced by the International Lipid Expert Panel and further sup-
ported by the consensus of the EAS), is gaining traction [107,108]. To
achieve these goals, initial LLT in patients with diabetes could include
two steps, as suggested in Fig. 1. STEP 1 would focus on LDL-C and
would use a combination of a statin and ezetimibe as initial therapy,
with the goal of achieving >50% LDL-C reduction. Fixed drug combi-
nations could be used to minimize the number of pills required [109]. A
pooled analysis of 27 clinical trials with 21,000 subjects’ therapy with
ezetimibe plus statin produced greater reductions in LDL-C, total--
cholesterol, non-HDL-C, apo B, TGs, and greater achievement of LDL-C
levels <70 mg/dl by 18.2%, and <100 mg/dl by 23.4% (p < 0.0001
for all). These results were similar in patients with or without diabetes
[110]. In the diabetes subgroup of the RACING study [111], a combi-
nation of moderate dose statin and ezetimibe, as compared to high in-
tensity  statin monotherapy, was associated with lower
intolerance-related discontinuation and greater proportion of patients
with an LDL-C level <70 mg/dL at 1, 2, and 3 years (81.0%, 83.1%, and
79.9% vs. 64.1%, 70.2%, and 66.8% respectively, all p < 0.001); the
primary outcome of cardiovascular death, myocardial infarction, coro-
nary revascularization, hospitalization for heart failure or non-fatal
stroke was not different between the two groups, as originally shown
in the whole population of the RACING trial [112].

Moreover, a recent post-PCI study showed that a combination of
moderate dose statin and ezetimibe was associated with a lower
occurrence of cardiovascular death, myocardial infarction, coronary
artery revascularization, hospitalization for heart failure, or nonfatal
stroke than high dose statin alone in patients with ASCVD [113]. These
studies support the use of moderate-intensity statin with ezetimibe
combination therapy as a reasonable alternative to high-intensity statin
monotherapy, as recommended by the current guidelines for secondary
prevention among patients with DM and ASCVD. In the event this goal is
not reached with initial combination therapy, the addition of bempedoic
acid or, in extremely high CV risk patients, PCSK9-targeted therapy
could be considered. STEP 2 would focus on residual elevation of apo
B-containing lipoproteins and non-HDL-C. including TG-rich apo B
containing particles.



A. Chait et al.

Cardiovascular risk
assessment

Atherosclerosis xxx (xxxx) xxx

FOCUS ON REDUCING ALL APO B CONTAINING LIPOPROTEINS
KEY STEP for an EFFECTIVE RISK MANAGEMENT OF CARDIOVASCULAR EVENTS

[’ ¥ STEP #1
Very High Extremely high risk DIABETES
CVD Risk patientd | High/Very High CVD Risk |
Start statin + ‘ Statin + Ezetimibe
Start statin + %
timbe* ezetimbe"® + PCSK9
- targeted therapy® I
I Not at LDL-C goal: add PCSK9 targeted therapy or Bempedoic Acid |
/
LRwucgo; <50'3J LReduchon — &] STEP #2
LDL-C <1.4 mmolL
LOLCRld ot |_Residual Hypertrighycerdemia_ | «————L——+ | ApoB/Non HDL-C notat goal I

i Pending long-term safety data
éand results from CV outcome trials

targeted therapy® or No further action | ANGPTL3 MAb and ASO
e ) e — e

*TG>5.6 mmol/L; ** for prevention of acute pancreatitis

Fig. 1. Simplified lipid-lowering treatment algorithm to reduce cardiovascular risk in very high and extremely high CV risk patients leaving with and without
diabetes. (Modified from Ray KK et al., European Heart Journal (2022) 43, 830-833).

In statin-intolerant patients, consider ezetimibe + bempedoic acid or PCSK9 targeted therapy.

& Extremely high risk = post ACS + history of other vascular event/peripheral artery disease/polyvascular disease/multivessel coronary artery disease/familial

hypercholesterolemia.

# Monoclonal antibodies directed against PCSK9 or PCSK9 siRNA therapy (Inclisiran).
Apo B: Apolipoprotein B; APO C-III: Apolipoprotein C-III; IPE: Icosapent-ethyl; ANGPTL3: Angiopoietin-like protein 3; MAb: Monoclonal antibody; ASO: Antisense

oligonucleotide, PCSK9: Proprotein Convertase Subtilisin/Kexin type 9.

5.4. Bile acid sequestrants

The bile acid sequestrants (BAS), cholestyramine, colestipol, and
colesevelam, bind to bile acids in the intestine to form an insoluble
complex that is excreted in the feces, ultimately decreasing LDL-C levels
by15-18 % [114]. BAS have also been demonstrated to improve gly-
caemic control in patients with T2DM with further reduction of HbAlc
and fasting plasma glucose of 0.22 mmol/L [115]. However, GI side
effects in addition to modest LDL-C lowering limit their application.

5.5. Proprotein convertase subtilisin-kexin 9 (PCSK9) inhibitors

Pharmacological approaches that inhibit PCSK9 can reduce LDL-C by
>50 % when used alone or in combination with statins and/or ezetimibe
[116,117]. The currently available fully human monoclonal antibodies,
evolocumab and alirocumab, reduce CVD events in high-risk subjects
with established ASCVD in the FOURIER (Further Cardiovascular Out-
comes Research with PCSK9 Inhibition in Subjects with Elevated Risk)
[118] and ODYSSEY OUTCOMES (Evaluation of Cardiovascular Out-
comes After an Acute Coronary Syndrome During Treatment With
Alirocumab) trials [119]. Prespecified analyses compared the CV out-
comes and safety in patients with and without diabetes at baseline in
both trials [26,120]. Relative reduction in the primary endpoint was
similar in patients with diabetes, prediabetes or normoglycemia; how-
ever, since the absolute incidence of the primary endpoint was higher in
patients with diabetes, the absolute reduction also was greater in pa-
tients with diabetes than in those with prediabetes or normoglycemia.
No excess risk of new-onset diabetes for patients with prediabetes, as
previously demonstrated for statins [121] has been noted with PSCK9
antibodies to date [120].

Inclisiran is a small-interfering RNA (siRNA), which inhibits PCSK9
synthesis [122]. Inclisiran acts selectively in the liver as it is conjugated
to triantennary N-acetylgalactosamine (GalNAc), which provides
high-affinity binding to hepatocyte asialoglycoprotein receptors [122].
Several trials have shown that inclisiran is well tolerated, and that
subcutaneous injections of 300 mg every 6 months reduced LDL-C by
approximately 50% in several populations of subjects including those

with diabetes [123]. No impact was observed on glucometabolic pa-
rameters or the prevalence of new onset diabetes. A major appeal of this
medication is that it only has to be administered twice per year, which
likely will be associated with better adherence than other available
lipid-lowering approaches (i.e., statins and ezetimibe), although its cost
might limit its use. Inclisiran is currently being evaluated in ORION-4
(NCT03705234), a 5-year CV outcome trial in about 15,000 very
high-risk subjects, including patients with diabetes.

5.6. Bempedoic acid

Bempedoic acid is an inhibitor of ATP citrate lyase (ACL), an enzyme
upstream of HMG-CoA reductase in the pathway for cholesterol syn-
thesis [124]. It is selectively activated in the liver and therefore is un-
likely to cause problems with skeletal muscle symptoms that can occur
with statins [125]. In CLEAR (Cholesterol Lowering via Bempedoic acid,
an ACL-Inhibiting Regimen) Outcomes, a randomized controlled clinical
trial in 13.970 subjects, 45% of whom had diabetes, and only 29% were
receiving statins (mostly moderate intensity). bempedoic acid, 180
mg/day significantly decreased LDL-C by 21.1% and the primary com-
posite end-point (death from cardiovascular causes, nonfatal myocardial
infarction, nonfatal stroke, or coronary revascularization) by 13%
without an impact on glucose metabolism and, unlike statins, it was not
associated with increased incidence of new onset diabetes [126].
Moreover, previous observations performed during 24-h continuous
glucose monitoring showed a trend towards improved glycemic control
with bempedoic acid, particularly associated with reduced postprandial
meal peaks in plasma glucose [127]. Bempedoic acid may be used in
patients with diabetic dyslipidemia as an addition or alternative to
statins to help achieve LDL-C and non-HDL-C goals, particularly in those
with statin-intolerance.

6. Drugs targeting TG-rich and other lipoproteins
Growing evidence has established that TG-rich lipoproteins (TRLs)

and their remnants are associated with ASCVD, and their relationship to
the atherothrombotic processes appears independent of, and additional
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to, that of LDL [128]. Moreover, TRLs appear to contribute to the re-
sidual risk of ASCVD events in patients who had well-treated LDL-C
levels [129]. ASCVD risk mediated by TRLs appears to be determined in
part by downstream effects of residual lipoprotein cholesterol content
after TG removal by the hydrolytic enzyme lipoprotein lipase (LPL), and
thus, the circulating concentration of apo B-containing particles rather
than their TG content [130]. Patients with diabetes and CAD have been
shown to have mildly to moderately elevation of plasma TG-rich apo
B-containing lipoproteins even at extremely low LDL-C levels [131]. It
would therefore seem reasonable to consider combination therapies that
address both LDL and TG-rich apo B-containing lipoproteins to lower
residual ASCVD risk associated with the TRLs.

6.1. Fibrates

Fibrates, which are peroxisome proliferator-activated receptor alpha
(PPAR-«) agonists, have been in use for more than five decades. PPAR-a
is a transcription factor regulated by free fatty acids and is a major
regulator of hepatic lipid and lipoprotein metabolism, including
increased fatty acid oxidation, and reduced synthesis of fatty acids, apo
C-III, TGs and VLDL, while LPL activity is enhanced [132]. In the
pre-statin era, gemfibrozil therapy resulted in a reduction in the risk of
major CVD events in men with CAD whose primary lipid abnormality
was a low HDL-C level in the VA-HIT trial [133]. A post-hoc analysis of
several fibrate trials suggested that fibrate treatment reduces CVD
events among patients with dyslipidemia characterized by TG > 200
mg/dL (2.3 mmol/L) and HDL-C <34 mg/dL (0.9 mmol/L) [134].
However, primary clinical outcome endpoints in the later outcome trials
with fibrates, including fenofibrate monotherapy and statin-fenofibrate
combination and more recently a novel, highly selective PPAR-a re-
ceptor modulator — pemafibrate, all failed to show a reduction in ASCVD
events [135-137]. The Prominent trial with pemafibrate was initiated to
finally evaluate the potential cardiovascular benefit of adding a fibrate
to a statin in patients with T2DM and diabetic dyslipidaemia, who had
high TGs and low HDL-C levels. The trial showed no clinical benefit of
adding pemafibrate to a statin despite a significant decrease of TG and
remnant cholesterol levels. LDL-C and Apo B levels increased slightly
[138], which could in part explain the observed lack of efficacy of the
drug [137]. This trial reinforces the concept that TG lowering per se is
not associated with CV benefits [139], but that it is the decrease in the
number of atherogenic apo B particles, which would be reflected by a
decrease in apo B levels, that drives cardiovascular benefits associated to
any lipid-lowering approach. Fibrates generally are not associated with
a significant decrease in plasma apo B levels in patients with diabetes.
However, fenofibrate, both as monotherapy and in combination with
simvastatin, had a favorable impact on the progression of diabetic
retinopathy independently of the presence of elevated TG levels (FIELD
and ACCORD EYE) [140]. Therefore, fibrates could be used for the
prevention of retinopathy, as well as for prevention of severe hyper-
triglyceridemia and pancreatitis in patients with moderate to severe
hypertriglyceridemia (500-999 mg/dL) [141].

6.2. Omega-3 fatty acids

The major omega-3 fatty acids in fish oils are eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA). They lower TGs and VLDL at
doses of 3—4 g/day; the effect on other lipoproteins is trivial. The type of
omega-3 fatty acid and its dose may affect ASCVD events differentially.
Treatment with 4 g/day of highly purified Icosapent Ethyl (IPE) in the
Reduction of Cardiovascular Events with Icosapent Ethyl-Intervention
Trial (REDUCE-IT) resulted in a 25% risk reduction of a clinically rele-
vant combined endpoint (cardiovascular death, stroke, MI, coronary
revascularization, and unstable angina) in a statin-treated population
with well-controlled baseline LDL-C (73 mg/dl), mostly composed by
patients with diabetes (58%) with established CVD (71 %) [142]. In
REDUCE-IT, the use of mineral oil as placebo was associated with a
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moderate increase in LDL-C and hsCRP, raising some criticism of the real
clinical benefits observed with IPE. Review of trials using mineral oil
suggest that only 3-4% of the benefits on ASCVD seen in the group on
IPE and statin could be accounted for by the negative effect of mineral
oil in the placebo group [143]. Importantly, the ASCVD event reduction
in REDUCE-IT was independent of baseline and the achieved TG con-
centrations, suggesting that any CV benefits of IPE supplementation are
more likely due to concomitant effects on inflammation, platelet ag-
gregation and plaque stabilization than to an effect on TGs [139],
possibly due to a reduction in levels of proinflammatory eicosanoids and
increased production of anti-inflammatory mediators [144]. Moreover,
a 19% reduction of major coronary events was previously observed in
the JELIS trial in a population of Japanese patients with a history of CAD
treated with 1.8 g/day EPA [145]. Outcomes trials with mixed
EPA/DHA preparations, including The Long-Term Outcomes Study to
Assess STatin Residual Risk with EpaNova in HiGh Cardiovascular Risk
PatienTs with Hypertriglyceridemia (STRENGTH), Omega-3 Fatty Acids
in Elderly With Myocardial Infarction (OMEMI) and VITamin D and
OmegA-3 Trial. (VITAL) have subsequently been shown to have no
benefit on ASCVD events, although a low dose of omega-3 fatty acids (1
gr/day) was used in OMEMI. The lack of benefit in STRENGTH [146]
with a DHA/EPA combination raises the question of whether DHA and
EPA differ in their effects on ASCVD. The results of REDUCE-IT have
been incorporated into recent guidelines and scientific statements [87]
and, on the basis of current scientific evidence, IPE at 4 g/day should be
added to a statin in high-risk patients with TG levels between 135 and
499 mg/dL.

Overall, from the multiple clinical outcome studies that have used
fibrates or omega-3 fatty acids including IPE, the ASCVD benefit of
specific TG lowering in patients with or without diabetes is non-existent.

6.3. Apo C-III and ANGPLT3 inhibitors

Another approach to lowering plasma TRL levels is to increase their
catabolism. The activity of LPL and of other extracellular lipases is
controlled by several proteins including apo C-III [147] and angio-
poietin protein like 3 (ANGPTL3) [148]. Genetic studies in subjects with
loss of function mutations in these two proteins showed a profile with
low plasma TG levels setting the stage for investigating strategies tar-
geting either apo C-III or ANGPTL3. Moreover, recent evidence high-
lights that there are catabolic processes promoting TRL clearance that
are independent of LPL but are still controlled by apo C-III and
ANGPTL3. These observations set the stage for testing apo C-III gene
silencing (volanesorsen and olezarsen) or ANGPTL3 inhibition by
monoclonal antibodies (evinacumab) as therapeutic approaches to
lower TG levels [149,150].

6.3.1. Apo C-III gene inhibition

In humans, loss-of-function (LOF) mutations in apo C-III have been
associated with low TG levels and reduced risk of ASCVD [147]. Sub-
cutaneous administration of volanesorsen, a second-generation anti-
sense oligonucleotide (ASO), inhibits apo C-III production. TGs were
reduced by ~60% after 3 months of weekly administration of vola-
nesorsen in phase III studies in patients with familial chylomicronemia
syndrome (FCS) [151]. However, the drug increased the risk of throm-
bocytopenia. A GalNAc-conjugated ASO targeting apo C-III (AKCEA-A-
PO-CIII-LRx) that reduces apo C-III by 85%, TGs by 65% and apo B
levels without reducing platelet counts, appears to be safer than vola-
nesorsen [152]. However, no data on clinical outcomes are currently
available in patients with diabetes.

6.3.2. ANGPTL3 inhibition

Evinacumab, an antibody against ANGPTL3, reduced TGs in healthy
volunteers, in homozygous familial hypercholesterolemic patients, in
individuals with TGs >150 but <450 mg/dL, as well as in subjects with
severe hypertriglyceridemia with up >70 % reduction of plasma TG
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Fig. 2. Key points of the manuscript: Graphical summary.

Dyslipidemia in diabetes is characterized by increased levels of triglyceride-rich and remnant lipoproteins, the presence of small, dense LDL particles, and decreased
levels of HDL-cholesterol. This dyslipidemia is a major cause of the increased ASCVD seen in diabetes.

Treatment of diabetic dyslipidemia should focus on reducing all apo B-containing lipoproteins. Patients living with diabetes are likely to be at very high CVD risk and
often fail to achieve lipid and lipoprotein goals with statins monotherapy, a reasonable approach is to initiate therapy with a combination of a statin and ezetimibe. If
LDL-C values are still above goal, a PCSK9 inhibitor or bempedoic acid can be added.

With residual hypertriglyceridemia, icosapent-ethyl can be added. Fibrates can be used to prevent acute pancreatitis in patients with severe hypertriglyceridemia.
Inhibition of ANGPTL3 and apoCIII with monoclonal antibodies (MaAB) or antisense oligonucleotides (ASO) may have a role in treating diabetes dyslipidemia and

reducing ASCVD in the future.

levels [153], but predictably not in subjects with absent LPL activity
[154]. A GalNAc-modified ASO that targets ANGPTL3, given weekly for
6 weeks, reduced atherogenic lipoproteins in human volunteers with
elevated TGs and is undergoing further clinical trials [155]. These novel
ANGPTL3-targeting approaches may represent an effective future
approach to reduce the burden of atherogenic apo B-containing lipo-
proteins in both LDL as well as TG-rich (VLDL and remnant) particles.

6.4. CETP inhibitors

Cholesteryl ester transfer protein (CETP) inhibitors interfere with the
transfer of cholesteryl esters from HDL into TRLs. Large clinical trials
testing their use have in general failed to reduce CVD events [156].
Studies with anacetrapib in combination with a statin showed a reduc-
tion in plasma apo B levels, apo B content of VLDL and LDL, a modest
decrease in plasma TGs and decreased ASCVD events seen in the Ran-
domized EValuation of the Effects of Anacetrapib Through
Lipid-modification (REVEAL) trial [157], which may be explained by
lowering of non-HDL cholesterol. More recently, similar results were
obtained with obicetrapib, so far the most potent CETP inhibitor avail-
able [158]. Clinical trials to further assess the safety and clinical effect
on ASCVD events of obicetrapib, specifically in patients with diabetes,
are needed.

7. Conclusions

Dyslipidemia, characterized by hypertriglyceridemia, low levels of
HDL-C, normal to slightly elevated levels of LDL-C and apo B levels, and
the accumulation of small, dense LDL particles (associated with
increased oxidative stress), is a major risk factor contributing to ASCVD
in patients with T2DM. Most patients with diabetes are at high or very
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high CVD risk. International guidelines (ESC/EASD, ESC/EAS, AHA/
ACC) support LDL-C as primary target for screening and lipid manage-
ment with non-HDL-C and, more recently, apo B as co-primary targets in
individuals with diabetes. Effective LDL-C management with at least a
>50% reduction and a comprehensive reduction of all apo B-containing
lipoproteins should represent the top priority to prevent ASCVD. While
statins remain the mainstay treatment addressing apo B-containing li-
poproteins, the concept of a new therapeutic strategy with upfront
combination therapy of statin and ezetimibe, together with PCSK9 in-
hibitors when needed, is gaining traction in patients living with dia-
betes. Additional lipid management, when TG-rich apo B-containing
lipoproteins levels remain moderately elevated after LDL-C is reduced to
target levels, includes the use of highly purified EPA ethyl ester. Finally,
newer treatments in development, particularly ASO and RNA-based
therapies targeting apo C-III and ANGPTL3, may prove to have addi-
tional CVD benefits by further decreasing apo B-containing atherogenic
lipoproteins (Fig. 2).
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