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Factors affecting endothelial
function
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Substances Released by Endothelium

Vasoactive Substances Growth Mediators/Modulators
o Vasodilators e Growth promotors

— Nitric oxide/EDRF e Growth inhibitors

— EDHF

— Prostacyclin (PGl,) Inflammatory Mediators/

— Bradykinin Modulators

— Acetylcholine, serotonin, histamine,

substance P, etc Hemostasis and Thrombosis

o Vasoconstrictors Redox State

— Endothelin

— Angiotensin ||

—Thromboxane A,, acetyicholine,
arachidonic acid, prostaglandin H,, etc




Cardiascular Risk Factors
( hyperlipidemia, hypertension,
diabetes, obesity, smoking...)

Physiological role of NO
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Figure 2. Nitric oxygen regulates cardiovascular metabolism and is compromised in the presence of
cardiovascular risk factors. eNOS catalyzes the production of NO from L-arginine. NO is an essential
metabolite that inhibits the progression of atherosclerosis improving vasorelaxation, angiogenesis,
endothelial function, insulin secretion, glucose clearance, and mitochondrial efficiency. On the other
hand, it reduces oxidative stress, inflammation, plasma lipid levels, and stenosis. Cardiovascular
risk factors, such as hyperlipidemia, hypertension, and diabetes, inhibit eNOS activity upon NF-k(3
induction, reducing NO and promoting atherosclerosis development.

Int. J. Mol. Sci. 2022, 23, 3346. doi.org/10.3390/ ijms23063346
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Figure 1. Effect of flow and WSS patterns at arterial bifurcations on atherosclerotic plaque develop-
ment. (A) In straight vessel segments, physiological WSS with laminar flow leads to ECs and shows a
quiescent characteristic flattened shape when flow disturbance occurs. Lower WSS at the outer vessel
wall causes ECs to adopt a cobblestone appearance. (B) Turbulent flow occurs at bifurcations and
branch points where the arterial curvature is higher due to flow separation. Disturbed laminar flow
or turbulent flow reduces WSS and promotes endothelial dysfunction and LDL infiltration, which
constitutes the first step of atheroma plaque formation. On the contrary, low curvature areas of the
vascular system subjected to higher shear stress are athero-protected.

Int. J. Mol. Sci. 2022, 23, 3346. doi.org/10.3390/ ijms23063346
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N Engl J Med 1999; 340:115-126. DOI: 10.1056/NEJM199901143400207



Endothelial Dysfunction in Atherosclerosis.

The earliest changes that precede the formation of lesions of atherosclerosis take place in the endo-
thelium. These changes include increased endothelial permeability to lipoproteins and other plasma
constituents, which is mediated by nitric oxide, prostacyclin, platelet-derived growth factor, angioten-
sin ll, and endothelin; up-regulation of leukocyte adhesion molecules, including L-selectin, integrins, and
platelet—endothelial-cell adhesion molecule 1, and the up-regulation of endothelial adhesion molecules,
which include E-selectin, P-selectin, intercellular adhesion molecule 1, and vascular-cell adhesion mol-
ecule 1; and migration of leukocytes into the artery wall, which is mediated by oxidized low-density
lipoprotein, monocyte chemotactic protein 1, interleukin-8, platelet-derived growth factor, macrophage
colony-stimulating factor, and osteopontin.

N Engl J Med 1999; 340:115-126. DOI: 10.1056/NEJM199901143400207
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N Engl J Med 1999; 340:115-126. DOI: 10.1056/NEJM199901143400207



Fatty-Streak Formation in Atherosclerosis.

Fatty streaks initially consist of lipid-laden monocytes and macrophages (foam cells) together with
T lymphocytes. Later they are joined by various numbers of smooth-muscle cells. The steps involved
in this process include smooth-muscle migration, which is stimulated by platelet-derived growth factor,
fibroblast growth factor 2, and transforming growth factor B; T-cell activation, which is mediated by
tumor necrosis factor «, interleukin-2, and granulocyte—macrophage colony-stimulating factor; foam-
cell formation, which is mediated by oxidized low-density lipoprotein, macrophage colony-stimulating
factor, tumor necrosis factor «, and interleukin-1; and platelet adherence and aggregation, which are
stimulated by integrins, P-selectin, fibrin, thromboxane A,, tissue factor, and the factors described in
Figure 1 as responsible for the adherence and migration of leukocytes.

N Engl J Med 1999; 340:115-126. DOI: 10.1056/NEJM199901143400207



Macrophage accumulation Formation of Fibrous-cap formation
necrotic core

N Engl J Med 1999; 340:115-126. DOI: 10.1056/NEJM199901143400207



Formation of an Advanced, Complicated Lesion of Atherosclerosis.

As fatty streaks progress to intermediate and advanced lesions, they tend to form a fibrous cap that
walls off the lesion from the lumen. This represents a type of healing or fibrous response to the injury.
The fibrous cap covers a mixture of leukocytes, lipid, and debris, which may form a necrotic core.
These lesions expand at their shoulders by means of continued leukocyte adhesion and entry caused
by the same factors as those listed in Figures 1 and 2. The principal factors associated with macro-
phage accumulation include macrophage colony-stimulating factor, monocyte chemotactic protein 1,
and oxidized low-density lipoprotein. The necrotic core represents the results of apoptosis and necrosis,
increased proteolytic activity, and lipid accumulation. The fibrous cap forms as a result of increased
activity of platelet-derived growth factor, transforming growth factor g, interleukin-1, tumor necrosis
factor a, and osteopontin and of decreased connective-tissue degradation.

N Engl J Med 1999; 340:115-126. DOI: 10.1056/NEJM199901143400207



Plaque rupture Thinning of fibrous cap Hemorrhage from plaque
microvessels

N Engl J Med 1999; 340:115-126. DOI: 10.1056/NEJM199901143400207



Unstable Fibrous Plaques in Atherosclerosis.

Rupture of the fibrous cap or ulceration of the fibrous plaque can rapidly lead to thrombosis and usually
occurs at sites of thinning of the fibrous cap that covers the advanced lesion. Thinning of the fibrous
cap is apparently due to the continuing influx and activation of macrophages, which release metallo-
proteinases and other proteolytic enzymes at these sites. These enzymes cause degradation of the ma-
trix, which can lead to hemorrhage from the vasa vasorum or from the lumen of the artery and can
result in thrombus formation and occlusion of the artery.

N Engl J Med 1999; 340:115-126. DOI: 10.1056/NEJM199901143400207
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Schematic representation of PCSK9s involvement in atherosclerotic plaque development. Endothelial cell damage allows
infiltration of circulating LDL-C and to the intimal space. Oxidation of LDL-C in the intimal space stimulates proinflammatory activation and
phagocytosis of macrophages. Engulfment of excess Ox-LDL by macrophages generates foam cells, which contributes to fatty
deposits in the arterial wall, proinflammatory cytokine release, and apoptosis. Circulating PCSK9 secreted from hepatic cells also enters
the intimal space, where it stimulates macrophage cells to produce proinflammatory cytokines and VSMC migration and
transformation to macrophages, which in turn become apoptotic foam cells. Atherosclerotic macrophages and VSMCs also secrete
PCSK9 within the plaque, contributing to increased inflammation and fatty deposition. Collectively, the proinflammatory stimulation
within the plaque drives recruitment and infiltration of more circulating monocytes, feeding the cycle. LDL-C indicates low-density
lipoprotein cholesterol; Ox-LDL, oxidized low-density lipoprotein; PCSK9, protein proprotein convertase subtilisin/kexin 9; and VSMC,
vascular smooth muscle cells.

J Am Heart Assoc. 2022;11:€023328. doi: 10.1161/JAHA.121.023328.
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Activation of macrophages within atherosclerotic plaque by interaction with PCSK9. PCSK9 is now known to stimulate proinflammatory effects within an atherosclerotic
plaque. PCSK9 is expressed and secreted by hepatic cells, macrophages, and vascular smooth muscle cells. PCSK9 activates macrophage proinflammatory effects
by cell surface receptor binding of TLR4 and potentially several other inflammatory stimulating receptors. This graphic represents the binding of PCSK9 to and
activation of TLR4, triggering NF-kB activation and nuclear translocation. Nuclear translocation of the transcription factor NF-kB stimulates the expression and
secretion of a variety of proinflammatory cytokines, contributing to increased monocyte infiltration and plaque deposition. Other receptors on the macrophage represent
additional proinflammatory-stimulating binding partners for PCSK9 within cells in the atherosclerotic plaque. CXCL2 indicates CXC motif chemokine ligand 2; IL-1a,
interleukin-1a; IL-18, interleukin- 1B; IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1; NF-kB, nuclear factor- kappa B; PCSK9, protein proprotein
convertase subtilisin/kexin 9; TLR4, toll-like receptor 4; TNF-a, tumor necrosis factor-a; and VSMCs, vascular smooth muscle cells

J Am Heart Assoc. 2022;11:€023328. doi: 10.1161/JAHA.121.023328.



Schematic representation of atheroma plaque formation from a healthy artery to
plaque rupture
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Progression of Human Coronary Atherosclerosis
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Artery

Plagues form in lining of artery

Plague grows, lining of artery damaged

Plague ruptures

Blood clot forms,
limiting blood flow
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Conventional AHA Classification

Modified AHA Classification for MRI

Type [: initial lesion with foam cells

Type II: fatty streak with multiple
foam cell layers

Type lll: preatheroma with
extracellular lipid pools

Type IV: atheroma with a confluent
extracellular lipid core

Type V: fibroatheroma

Type VI: complex plague with
possible surface defect, hemorrhage,
or thrombus

Type VII: calcified plaque

Type VIII: fibrotic plaque without lipid
core

Type I-I: near-normal wall thickness,
no calcification

Type llIl: diffuse intimal thickening or
small eccentric plaque with no
calcification

Type IV-V: plaque with a lipid or
necrotic core surrounded by fibrous
tissue with possible calcification

Type VI: complex plague with
possible surface defect, hemorrhage,
or thrombus

Type VII: calcified plague

Type VIII: fibrotic plaque without lipid
core and with possible small



Simplified scheme for classifying atherosclerotic lesions
modified from the current AHA recommendations
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* A major event in atherosclerotic plagque progression is thrombosis, which
may occur in any arterial bed (coronary, aorta, carotid, etc.)

 Three different morphologies (rupture, erosion and calcified nodule) may
give rise to acute coronary thrombosis.

* The development of plaque and its rupture are hallmarks of
atherosclerotic vascular disease.

Plaque rupture is defined by fibrous cap disruption or fracture, whereby the overlying
thrombus is in continuity with the underlying necrotic core.

Plaque erosion is identified when serial sectioning through a thrombus fails to show
communication with a necrotic core or deep intima; the endothelium is absent, and the
thrombus is superimposed on a plaque substrate primarily composed of smooth muscle
cells and proteoglycans.

Calcified nodules are characterized by eruptive dense calcified bodies protruding into the
luminal space and represent the least frequent morphology associated with luminal
thrombosis.



Atherosclerosis occurs in elastic and muscular arteries and may occur
iatrogenically in vein grafts interposed in the arterial circulation.

The aorta is affected earliest, followed by the carotid arteries, coronary
arteries and iliofemoral arteries.

Initially, lesions are most common at branch points, at sites of low shear,
where a predilection to plague formation has been observed.

Coronary lesions, including thrombi occurring at atherosclerotic sites,
are most prevalent in the proximal coronary arteries: the proximal left
anterior descending coronary artery, followed by the right and left
circumflex coronary arteries.
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Proinflammatory Cytokines and CRP plasma levels in Patients

with CSA vs. normal controls

MCSF 091(459-1476) 372 (265-770) <0.01
IL6 3.9 (3.2-4.6) 1.7 (1.3-2.5) <0.01
CRP 1.5 (0.5-4.05) 0.23(0.17-1.4)  <0.01

Tkonomidis et al Circulation 1999



Relation of cytokines to extent of CAD
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TABLE 1. CHARACTERISTICS OF ATHEROSCLEROSIS AND OTHER CHRONIC INFLAMMATORY DISEASES.*

MonocyTes
AND MACRO- LymPHO- GRANU- ConnNECTIVE-TISSUE EXTRACELLULAR
DiseAsE PHAGES CYTES LOCYTES CELLs MaATRIX PATHOGENETIC MECHANISMS STUDIES
Atherosclerosis + + - Smooth-muscle cells  Collagen types I, III,  Endothelial-cell injury and dys- Ross,? Libby and
and IV, elastin, fibro-  function; fibrous cap; new Hansson,10?
nectin, proteoglycan matrix formation and degra- Ross and
dation; necrotic core Fuster!0
Cirrhosis + + - Fibroblasts, Ito cells  Collagen types I and  Parenchymal-cell injury; new  Maher,'"! Antho-
I11 matrix and scarring replacing  ny et al.l12
necrotic parenchyma
Rheumatoid + + +/—  Synovial fibroblasts Collagen types I and  Synovial-cell injury; erosion of Sewell and
arthritis I11, fibronectin, pro- cartilage; new matrix scarring  Trentham,!13
teoglycan (pannus) Harris 114
Glomerulosclerosis + + - Mesangial cells Collagen types I and  Epithelial- and endothelial-cell Johnson,!'s Magil
IV, fibronectin injury and dysfunction; de- and Cohen!!s
crease in glomerular filtra-
tion; new matrix formation
Pulmonary fibrosis + + +/— Smooth-muscle cells, Collagen types III and Inflammatory exudate in alveoli Kuhn et al.,''”
fibroblasts IV, fibronectin and bronchi, organized by ex-  Lukacs and
tensive matrix deposition and ~ Ward,"*® Brody
scarring et al.l??
Chronic pancreatitis + + - Fibroblasts Collagen, fibronectin,  Epithelial (ductal) injury; peri- 1Sarles et al.,120
proteoglycan ductal inflammation; intersti-2  DiMagno
tial fat necrosis; new matrix et al.12!
formation

N Engl J Med 1999; 340:115-126. DOI: 10.1056/NEJM199901143400207



Damage to the endothelial
glycocalyx is associated with

[ influx of lipoproteins,
[l leakage of macromolecules

[l adhesion of circulating cells to
the endothelium.

[l to an imbalance in enzymatic
systems such as coagulation and
antioxidant defence as well as
an impaired NO release.

Lekakis J, Ikonomidis I,Vlachopoulos C Eur J Cardiovasc Prev Rehabil. 2011 Dec;18(6):775-89




IMAGING: Assessment of endothelial function

Sublingual endothelial Peripheral arterial
glycocalyx

Sideview Darkfield imaging
(Microscan, Glycocheck)

Measurement of

reactive
Perfuse Boundary Region hyperemia
(PBR): a non-invasive index using
accurate index of endothelial fingertip
glycocalyx thickness in peripheral arterial
sublingual microvessels with tonometry (PAT)
a diameter 5-25um technology

Laboratory of Preventive Cardiology and Echocardiography Department



IMAGING: Assessment of endothelial function, carotid
arteries and coronary microcirculation

: Carotid intima-media Coronary flow reserve
Endothelial-dependent thickness (cIMT) (CFR)
flow-mediated dilation

(FND)

Equipment:
« VIVID E95, VIVID 7, VIVID S70, VIVID 3, VSCAN,
PHILIPS I33

Laboratory of Preventive Cardiology and Echocardiography Department ’ EICB: ol el ), (Ll SR B STCIREE 2



Differential microRNA expression levels in atherosclerotic arteries.

Location Upregulated Downregulated

miR-29, miR-100, miR-155,

miR-199, miR-221, miR-363, miR-1273, miR-490, miR-24
miR-497, miR-508 and and miR-1284 [264-266].
miR-181 [264-266].

Coronary arteries

miR-21, miR-34, miR-146 and
miR-210 [267].
Only in carotid plaques:
Aorta, femoral, and miR-15, miR-26, miR-30, Only in carotid plaques:
carotid arteries miR-98, miR-125, miR-152, miR-520, miR-105 [268,269].
miR-181, miR-100, miR-127,
miR-133, miR-145 and
miR-422 [268,269].

Int. J. Mol. Sci. 2022, 23, 3346. doi.org/10.3390/ iims23063346



Diabetes mellitus

' Y v

I Hyperglycemia Free fatty acids Insulin resistance
| !
Oxidative stress

Protein kinase C activation
RAGE activation

l Endothelial layer l
Vasoconstriction Inflammation Thrombosis
Hypertension Chemokines (e.g., MCP-1) Hypercoagulation
VSMC growth Cytokines (e.g., IL-1) Platelet activation
CAMS (e.g., ICAM-1) @

(From Creager MA, Luscher TF, Cosemting F, Beckman JA: Diabetes and vascuwlar disssss:
Fathophysiology, clinical consequences, and medical therapy: Part |, Girculation 108:1827, 2003.)
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CVD incidence

T Q 55% Death J 4%
Q 23% CHD d 21%
@ 18% Stroke g 21% )

Atherome plaque characteristics

Plaque burden Q<d
Calcified plaques 9 <d
Culprit lession 9 < d
Plaque rupture 9 < d
Necrotic core volume 9 < d

CVD incidence by age

Age<49 Age 49-79 Age >79
CVD risk @<d CVD risk O=d' CVD risk =d
Ml rate Q<«d MI rate 2=d MI rate ?=d
Stroke ?>d Stroke ?>d Stroke Q>d

Int. J. Mol. Sci. 2022, 23, 3346. doi.org/10.3390/ ijms23063346
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What Types of Atherothrombotic Lesions
Cause Ml and Stable Angina?

Stable Unstable

Lumen

Endothelium
Platelets
Lipid-Rich

Core
Thick | Thin
Fibrous Cap Fibrous Cap

MI = myocardial infarction.

Adapted with permission from Falk E, et al. Circulation. 1995;92:657-671.
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FPHASE 4

PHASE1 PHASE 2 Acute Syndromes

Myocardial infraction
Unstable angina
Ischemic sudden death

PHASE3 PHASES
A

Mo symptoms
= —_— .

-ﬁ.ngina FﬁEﬂtCIIiE Acute silent
occlusive
process
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Aladpoplkn dLayvwon

RETROSTERMNAL

Esophageal pain

Aortic dissection
Mediastinal lesions
Pulmonary embaolization

INTERSCAPULAR
Myocardial ischemic pain
Musculoskeletal pain
Gallbladder pain
Pancreatic pain

RIGHT LOWER ANTERIOR CHEST
Gallbladder pain

Distention of the liver
Subdiaphragmatic abscess
Prneumonial/pleurisy

Gastric or duodenal

penetrating ulcer

Pulmonary embaolization

Acute myositis

Injuries

Myocardial ischemic pain N _ ET
Pericardial pain < .
sl :
/
G /

EPIGASTRIC

Myocardial ischemic pain
Pericardial pain
Esophageal pain
Duodenal/gastric pain
Pancreatic pain
Gallbladder pain
Distention of the liver
Diaphragmatic pleurisy
Pneumonia

SHOULDER

Myocardial ischemic pain
Pericarditis
Subdiaphragmatic abscess
Diaphragmatic pleurisy
Cervical spine disease
Acute musculoskeletal pain
Thoracic outlet syndrome

ARMS

Myocardial ischemic pain
Cervical/dorsal spine pain
Thoracic outlet syndrome

LEFT LOWER ANTERIOR CHEST
intercostal neuralgia

Pulmonary embolization
Myositis

Pneumonia/pleurisy

Splenic infarction

Splenic flexure syndrome
Subdiaphragmatic abscess
Precordial catch syndrome
Injuries




* 12,200,000 Americans have CAD,

* 6,300,000 of whom have angina pectoris
e 7,200,000 have had myocardial infarction

e The economic cost of CAD and stroke in the United States in 2000 is
estimated at $326.6 billion (5118.2 billion for CAD).

American Heart Association: 2000 Heart and Stroke Statistical Update. Dallas, American Heart
Association, 1999.
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CV risk categories in patients with DM @ESC

European Society
of Cardiology

Very high-risk Patients with DM and established CVD

or othertarget organdamage®

or three or more major risk factors®

or early onset TLDM of long duration (>20years)

High-risk Patients wftli DM duration 210 yea rslw'rthoutta rget organ damage plus
any other additional risk factor

Moderate-risk Young patients (TLDM <35 years; T2DM <50 years) with DM duration <10
years, without otherrisk factors

=Proteinurea, renal impairment defined as eGER (g inf1.73m2, left ventricular hypertrophy, or retinopathy.
tAge, hypertension, dyslipidaemia, smoking

. BESC

ESC Guidelines on Diabetes, pre-diabetes and cardiovascular diseases in collaboration

www.escardio.org/guidelines
with EASD (European Heart Journal 2019 - doif10.1093/eurheartj/ehz486)



Central lllustration Upper panel Treatment goals EAS (¢
for low-density IlFoproteln cholesterol (LDL-C) across
categories of total cardiovascular disease risk

@ESC

European Society
of Cardiclogy

Treatment g@a| _
=5C0ORE <1%
for LDL-C 3.E}mmcalfL L =5CORE 1% and <5%
e =Young patients (T1DM <35 years; T2DM <50years) with DI
(116mg/dL) iy / duration <10years without other risk factors
ST -SCORE =5% and<10%
2.6 mmol/L Moderate -Markedly elevated single risk factors, in particular TC>8 mmol/L (310
(100mg/dL) s mg/dL}or LDL-C =4.9 mmol/L {190 mg/dL) or BEZ18110 mmHg
' e «FH without other major risk factors
«Moderate CKD [eGFR 30-59 mL/min)
““».,_ =Dhwyfo target organ damage, with DIV
1.8mmol/L duration =10vyears or other additional risk factor
&=50% (70mg/dL) «ASCVD (dinical/imaging)
reduction TN =160
£ hacal : =FH with ASCVD orwith another major risk factor
(55 mgde} =D & target organ damage: =3 major risk factors;
4.0r early onset of TIDMof long duration (=20 years)
‘h‘u__ "
Py s
Low Moderate High  very-High CVRisk PA

wiwnw . escardio.org/guidelines

2019 ESC/EAS Guidelinesforthe management of dyslipidaemias lipid modification to reduce

cardiovascular risk (European Heart Journal 2018 -doi: 10.1083/eurheartj/ehz455)
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Intensified treatment based on:
* 10-year CVD risk
« Lifetime CVD risk and treatment benefit!
» Comorbidities, frailty
« Patient preferences

!

|

Intensified treatment based on:

* Residual 10-year CVD risk
+ Lifetime CVD risk and treatment benefit!
+ Comorbidities, frailty

www.escardio.org/guidelines

@ESC

Cardiovascular risk and risk factor treatment
in patients with type 2 diabetes mellitus

©ESC

2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 — doi:10.1093/eurheartj/ehab484)



New recommendations (12) @ ESC

Recommendations Class
Risk factors and interventions at the individual level (continued)
Statin therapy may be considered in persons aged <40 years with type 1 or type 2 DM

with evidence of TOD and/or an LDL-C level >2.6 mmol/L (100 mg/dL), as long as llb
regnancy is not being planned.

In patients with DM at high or very high CVD risk, low-dose aspirin may be considered b ‘

for primary prevention in the absence of clear contraindications.

Home-based CR, telehealth, and mHealth interventions may be considered to
increase patient participation and long-term adherence to healthy behaviours.

In patients with HF and major depression, SSRIs, SNRIs, and tricyclic antidepressants
are not recommended.

In patients with dialysis-dependent CKD who are free of ASCVD, commencing statin
therapy is not recommended.

High-risk

www.escardio.org/guidelines

Iib

Patients with DM duration 210 years without target organ damage plus
any other additional risk factor

©ESC

2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 — doi:10.1093/eurheartj/ehab484)



Recommendations for the diagnosis @Esc
and management of PAD in patients with DM «coe™

Recommendations Class Level
LEAD management

In case of CLTI, revascularization is indicated whenever feasible, for
limb salvage.

In patients with DM with CLTI, optimal glycaemic control should be
considered to improve foot outcome.

In patients with DM and chronic symptomatic LEAD without a high

bleeding risk, a combination of low-dose rivaroxaban (2.5 mg twice
daily) and aspirin (100 mg once daily) should be considered.

S}
vy
w

ESC Guidelines on Diabetes, pre-diabetes and cardiovascular diseases in collaboration

www.escardio.org/guidelines with EASD (European Heart Journal 2019 - doi/10.1093/eurheartj/ehz486)
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Triglyceride-Related ASCVD Risk

Marker of Direct Atherogenic Effects
Cardiometabolic Risk
in Insulin Resistance

Associated with:

1. Obesity

2. {HDL

3. Hypertension
4. 1 Glycemia

5. Diabetes Risk

Cholesterol
==
( i small, dense large

Implications: Marker of insulin

resistance and cardiometabolic LDL

risk. Reductions in triglyceride

g?ﬁg;g;g;ﬁglr‘igﬂ?m I Implications: Lowering triglycerides may

: clinically reduce risk of atherosclerosis?

Potential therapeutic options: PPAR modulators (fibrates, e.g., pemafibrate) and
omega-3 preparations (e.g., icosapent ethyl)




Risk categories

Very high-risk

Subjects with any of the following:

*+ Documented CVD, clinical or unequivocal on imaging. Documented clinical CVD
includes previous AMI, ACS, coronary revascularization and other arterial
revascularization procedures, stroke and TIA, aortic aneurysm and PAD.
Unequivocally documented CVD on imaging includes significant plague on coronary
angiography or carotid ultrasound. It does NOT include some increase in
continuous imaging parameters such as intima—media thickness of the carotid
artery.

+ DM with target organ damage such as proteinuria or with a major risk factor such
as smoking or marked hypercholesterolaemia or marked hypertension.

» Severe CKD (GFR <30 mL/min/1.73 m2).
» A calculated SCORE =10%.

High-risk

Subjects with:

« Markedly elevated single risk factors, in particular cholesterol >8 mmol/L
(>310 mg/dL) (e.g. in familial hypercholesterolaemia) or BP =180/110 mmHg.

+ Most other people with DM (with the exception of young people with type 1 DM
and without major risk factors that may be at low or moderate risk).

» Moderate CKD (GFR 30-59 mL/min/1.73 m?2).
« A calculated SCORE 25% and <10%.

Moderate-risk

SCORE is 21% and <5% at 10 years. Many middleaged subjects belong to this
category.

Low-risk SCORE <1%.
—_—
= . = EUROPE.HIE
www.escardio.org/guidelines ZOCRAT o

European Heart Journal 2016;37:2315-2381-doi:10.1093/eurheartj/ehw 106



Patient category

Patient categories and associated cardiovascular disease risk (2)

Subgroups

Patients with type 2 diabetes mellitus (continued)

Patients with DM with established ASCVD and/or severe
TOD:

* eGFR <45 mL/min/1.73 m? irrespective of albuminuria

+ eGFR 45-59 mL/min/1.73 m? and microalbuminuria
(ACR 30 mg/g - 300 mglg)

* Proteinuria (ACR >300 mg/g)

* Presence of microvascular disease in at least

3 different sites (e.g. microalbuminuria plus retinopathy

plus neuropathy)

Risk categories CVD risk and therapy benefit estimation

Residual 10-year CVD risk estimation after general prevention goals
Very (e.g. with the SMART risk score for established CVD or with the

high-risk ADVANCE risk score or with the DIAL model). Consider lifetime CVD

risk and benefit estimation of risk factor treatment (e.g. DIAL model).

Patients with established ASCVD

Documented ASCVD, clinical

or unequivocal on imaging.
Documented clinical ASCYD
includes previous AMI, ACS,
coronary revascularization and
other arterial revascularization
procedures, stroke and TIA, aortic
aneurysm and PAD. Unequivocally
documented ASCVYD on imaging
includes plague on coronary
angiography or carotid ultrasound
or on CTA. It does NOT include
some increase in continuous
imaging parameters such as
intima—media thickness of the
carotid artery.

N/A

www.escardio.org/guidelines

Residual CVD risk estimation after general prevention goals (e.g. 10-year
risk with the SMART risk score for patients with established CVD or

1- or 2-year risk with EUROASPIRE risk score for patients with CHD).
Consider lifetime CVD risk and benefit estimation of risk factor treatment
(e.g. SMART-REACH model; or DIAL model if diabetes).

Very
high-risk

2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 — doi:10.1093/eurheartj/ehab484)

©ESC



Recommendations for drug treatments of patients with hypertriglyceridaemia @ ESC

Recommendations Class Level
Statin treatment is recommended as the first drug of choice for reducing
CVD risk in high-risk individuals with hypertriglyceridaemia (triglycerides I

>2.3 mmol/L [200 mg/dL]).

In patients taking statins who are at LDL-C goal with triglycerides
>2.3 mmol/L (200 mg/dL), fenofibrate or bezafibrate may be considered.
In high-risk (or above) patients with triglycerides >1.5 mmol/L

(135 mg/dL) despite statin treatment and lifestyle measures, n-3 PUFAs

(icosapent ethyl 2 x 2 g/day) may be considered in combination with
a statin.

©ESC

2021 ESC Guidelines on cardiovascular disease prevention in clinical practice

www.escardio.org/guidelines (European Heart Journal 2021 — doi:10.1093/eurheartj/ehab484)



Approximately 1 in 4 patients with ASCVD in Risk of ASCVD events associated with triglyceride level among

the general population may have 196,717 patients with prevalent ASCVD in the population
hypertriglyceridemia and controlled LDLc*
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Eur Heart J, Volume 41, Issue 1, 1 January 2020, Pages 86-94, @ OXFORD @ ESC

UNIVERSITY PRESS European Society

The content of this slide may be subject to copyright: please see the slide notes for details. of Cardiology
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The Bezafibrate Infarction Prevention (BIP) Study

Circulation. 2000;102:21-27. RATE (%)
20,

* 3090 patients with a previous s PO
myocardial infarction or stable angina, 16
6 years f/u 14
 Total cholesterol of 180 to 250 12

mg/dL, HDL-C <45 mg/dL, 10
triglycerides <300 mg/dL, and low- 8
density lipoprotein cholesterol <180 6
mg/dL 4]
o)
0

» were randomized to receive either 400 ——  Placebo

— — Bezafibrate
mg of bezafibrate per day or placebo —— - . - ‘
) . 0 1 2 3 4 5 6
* The primary end point was fatal or
f 1 d 1 o f 5 dd Patients At Risk: TIME (Years)
nontatal myocardial infarction or sudden it EE DG W B8 0 8 oo -
death Bezafibrate: 1548 1494 1449 1400 1365 1296 826
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. Circulation. Secondary Prevention by Raising HDL Cholesterol and o) 1 2 a 4 5 &

Reducing Triglycerides in Patients With Coronary Artery Disease , mtienis AL Filsia TIME (Years)

Volume: 102, Issue: 1, Pages: 21-27, DOI: (10.1161/01.CIR.102.1.21) Placebo: 225 277 206 14 7 77 105

Bezafibrate: 234 225 217 210 209 198 120



Fig. 3 Salient features of REDUCE-IT. CVD, cardiovascular disease; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; JELIS,
Japan EPA Lipid Intervention Study; LDL-C, low-density lipoprotein cholesterol; REDUCE-IT, Reduction of Cardiovascular Events with lcosapent
Ethyl-Intervention Trial.



Cardiovascular Risk Reduction with
Icosapent Ethyl for

Hypertriglyceridemia A m,,d ey 22%
— 804  20] Pacebo, " 70

a fasting triglyceride level of 135 to T 1 1%
499 mg per deciliter and a low-density f el
lipoprotein cholesterol level of 41 to 100 it S S S S e
mg per deciliter £ o
8179 patients were randomly assigned [
to receive 2 g of icosapent ethyl twice — Years since Randomization
daily (total daily dose, 4 g) or placebo. e o 8 I B 2=
The primary end point was a composite B Key Secondary End Point
of cardiovascular death, nonfatal ] T pesed o, 074 5% 1. 065-08)
myocardial infarction, nonfatal stroke, g ¥ ™ Paceb -
coronary revascularization, or unstable i oof o
angina. I |
The key secondary end point was a e
composite of cardiovascular death, 0 e
nonfatal myocardial infarction, or T
nonfatal stroke. Median F/U of 4.9 years l:,g;;;:iskm 00wy owe owm ome

N Engl J Med 2019; 380:11-22
DOI: 10.1056/NEJM0al1812792



« Omega 3 fatty acids*

= . = = e

* Fibrates

* Niacin"
10-50%

» Statins

* Ezetimibe

Fig. 5 Triglyceride lowering efficacy of currently available agents. "—In
clinical trials, the efficacy varied with baseline TG levels (=500 mg or
<500 mgq) and dose of omega-3 FA used (Low: 2 g/d, Mid: 3 g/d, High:

4 gfd). #—The TG loweri higher with immediate release (20-50%) i . )
thgm an exle:ded lite;:gp::;m?jnir(%—il;;??iﬁ, fatﬁ :?:isjs; TG, Int J Ang|0| 2020’29 2 1 1 .
triglyceride.



New recommendations (11) @ ESC

Recommendations Class
Risk factors and interventions at the individual level (continued)
In patients with type 2 DM and TOD, the use of an SGLT2 inhibitor or GLP-1RA with

proven outcome benefits may be considered to reduce future CVD and total lib
mortality.

For primary prevention patients at very high risk, but without FH, if the LDL-C goal is

not achieved on a maximum tolerated dose of a statin and ezetimibe, combination llb

In high-risk (or above) patients with triglycerides >1.5 mmoI/L (135 mg/dL) despite

statin treatment and lifestyle measures, n-3 PUFAs (icosapent ethyl 2 X 2 g/day) may
be considered in combination with a statin.

Initiation of statin treatment for primary prevention in older people aged >70 may be
considered, if at high risk or above.

Iib

©ESC

2021 ESC Guidelines on cardiovascular disease prevention in clinical practice

www.escardio.org/guidelines (European Heart Journal 2021 — doi:10.1093/eurheartj/ehab484)



s mmawe  ATHEROSCLEROSIS

What Is Atherosclerosis?
Ascries th blood from
mrm:ngrm
Healthy arories are fexible and elastic.
Adherosc borosis is a disease in which
deprosizs of fatty material, called atheromas
oe plagues, develop in walls of medivmesized and large anerics. Atheromas
make arteries narrow and hardened, which leads 1o blocked blood Mow to
the beain, heart, kidneys, other vital organs, and legs.

Causes

Asherosclenotic placues ane the Risk factors associated with the

result 7 i G ther
10 the arterial wall, This injury * High blood peessuee
) , may b the result of phrysical = Using any type of sobacco
YT IS COnnNECtive . trauma from turbulent blood = Diabeses
- The outer layer, isa j flow (a5 in hypertension) o from  » High blood
smooth muscle. inflammatony strosses from cholesiorol kevels

= Obesity

= Physical inactivity
* Poor dict

* Family histosy

= Advancing age

* Being male

Atherosclorosis develops slowly ower time and mild

atherosclenosis has no symptoms at all. When

appoar, they vary from porson to person and depoend on

nmm#&v&ﬂamurﬁamammmt

gradually narrowing or suddenly block

= The typical symptoms resuliing from a gradual naseowing of
the artery is chest pain, shortness of breath, pain in one or
. White blood cells mave out of - Inﬂ'm Hsmﬁ“ﬁ:xrm}mﬂa‘;?&, :

m, through the endothel 1 Thetse sy ppca il arbery’

md into :Iﬂt.-n{s\v.\ll Once m 1 bmdﬂuurnmmbymodun‘m

all they transform into foam cells that

y materials, mainly cholcslqm‘l

)

endothelium and multiply,
ol crystals, and calcium

wtheroma, or plague.

Peripheral Arterial Disease (PAD)
PAD alfects the aerics to the begs,
s, and polvis, beading 1o pain
and cramping with walking
(imtermizent claudication),
numbness, and incrcased risk of
infections.

Healthy Lifestyle Choices
A healthy lifestyle can roduce the risk of
*-‘W‘%aﬂmm«m
) the clotting = Stop using tobacco.
thrombus (2 clot that [::rrn( & |Wﬂfﬂlﬂ'~:1ﬂd£l‘slﬂnl
he heart) to form Lo a 7 1 2 mﬂm :
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Risk categories

Very high-risk

High-risk

Moderate-risk

Subjects with any of the following:

» Documented CVD, clinical or unequivocal on imaging. Documented clinical CVD
includes previous AMI, ACS, coronary revascularization and other arterial
revascularization procedures, stroke and TIA, aortic aneurysm and PAD.
Unequivocally documented CVD on imaging includes significant plague on coronary
angiography or carotid ultrasound. It does NOT include some increase in
continuous imaging parameters such as intima-media thickness of the carotid
artery.

- DM with target organ damage such as proteinuria or with a major risk factor such
as smoking or marked hypercholesterolaemia or marked hypertension.

» Severe CKD (GFR <30 mL/min/1.73 m2).
+ A calculated SCORE =10%.

Subjects with:

+ Markedly elevated single risk factors, in particular cholesterol >8 mmol/L
(>310 mg/dL) (e.g. in familial hypercholesterolaemia) or BP =180/110 mmHg.

+ Most other people with DM (with the exception of young people with type 1 DM
and without major risk factors that may be at low or moderate risk).

» Moderate CKD (GFR 30-59 mL/min/1.73 m?).
+ A calculated SCORE 25% and <10%.

| SCORE is 1% and <5% at 10 years. Many middleaged subjects belong to this

category.
Low-risk SCORE <19%.
& . - EUROPE.RI:
www.escardio.org/guidelines SOCIETY OF

European Heart Journal 2016;37:2315-2381-doi: 10.1093/eurheartj/ehw106




New recommendations (1) @ ESC

Recommendations Class
Risk factors and clinical conditions

In apparently healthy people <70 years of age without established ASCVD, DM, CKD,
genetic/rarer lipid or BP disorders, estimation of 10-year fatal and nonfatal CVD risk |
with SCORE2 is recommended.

In apparently healthy people >70 years of age without established ASCVD, DM, CKD,
genetic/rarer lipid or BP disorder, estimation of 10-year fatal and nonfatal CVD risk |
with SCORE2-OP is recommended.

Patients with established ASCVD and/or DM and/or moderate-to-severe renal disease
and/or genetic/rarer lipid or BP disorders are to be considered at high or very high |
CVD risk.

©ESC
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Recommendations for CVD risk assessment (1)

Recommendations Class
Systematic global CVD risk assessment is recommended in individuals with
any major vascular risk factor (i.e. family history of premature CVD, FH,
CVD risk factors such as smoking, arterial hypertension, DM, raised lipid
level, obesity, or comorbidities increasing CVD risk).

Systematic or opportunistic CV risk assessment in the general population
in men >40 years of age and in women >50 years of age or lib
postmenopausal with no known ASCVD risk factors may be considered.
In those individuals who have undergone CVD risk assessment in the
context of opportunistic screening, a repetition of screening after

5 years (or sooner if risk was close to treatment thresholds) may be
considered.

Iib

www.escardio.org/guidelines

@ESC

Level
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STEP |

Intensified prevention and | Intensified prevention and
treatment goals based on: ~ treatment goals based on:
+ 10-year CVD risk * 10-year CVD risk
= Lifetime CVD risk « Lifetime CVD risk
and treatment benefit and treatment benefit
« Comerbidities « Comorbidities
+ Patient preferences « Patient preferences

Ultimate prevention goals ~ Ultimate prevention goals

?——

1
¢ v ¥ 3
| (See Figure 6) l (See Figure 7) \ , (See Figure 8) I l and FH (See Table 4) l
] l ! J

Intensified prevention and
treatment goals based on:
* 10-year CVD risk
= Lifetime CVD risk
and treatment benefit
» Comorbidities
+ Patient preferences

Ultimate prevention goals
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Examples of a stepwise approach
to risk stratification and treatment

options
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Recommendations for risk modifiers @ ESC

Recommendations Class Level

Stress symptoms and psychosocial stressors modify CVD risk. Assessment lla C

CAC scoring may be considered to improve risk classification around

treatment decision thresholds. Plaque detection by carotid ultrasound is
an alternative when CAC scoring is unavailable or not feasible.
Multiplication of calculated risk by RR for specific ethnic subgroups should
be considered.¢

The routine collection of other potential modifiers, such as genetic risk
scores, circulating or urinary biomarkers, or vascular tests or imaging
methods (other than CAC scoring or carotid ultrasound for plague
determination), is not recommended.

lla B
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. . L EAS @ @ESC
Recommendations for cardiovascular imaging for Curopean ociety
risk assessment of atherosclerotic cardiovascular disease o

Recommendations Class Level

Arterial (carotid and/or femoral) plague burden on ultrasonography
should be considered as a risk modifier in individuals atlow or moderate lla B
risk.

CAC score assessment with CT may be considered as a risk modifier in the
CV risk assessment of asymptomatic individuals atlow or moderate risk.

Ilb B
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Central lllustration Lower panel: Treatment EAS @ﬁ) @ESC
algorithm for pharmacological LDL-C lowering (1) ' Eopese) ot ely

Inselected low-and
moderate-risk patients

Risk modifiers
Imaging (subclinical
atherosclerosis)
Risk reclassification?

)
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=
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Central lllustration Upper panel Treatment goals EAS (¢
for low-density IlFoproteln cholesterol (LDL-C) across
categories of total cardiovascular disease risk
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Cardiovascular disease risk categories based on SCORE2 and SCORE2-OP @ ESC
in apparently healthy people according to age

<50 years 50-69 years 270 years?®
Low-to-moderate CVD risk:

risk factor treatment generally not recommended
High CVD risk:

risk factor treatment should be considered

Very high CVD risk:

risk factor treatment generally recommended?

<2.5% <5% <7.5%

25t0<7.5% 5to<10% 7.5to<15%

>7.5% >10% >15%

©ESC

2021 ESC Guidelines on cardiovascular disease prevention in clinical practice

www.escardio.org/guidelines (European Heart Journal 2021 — doi:10.1093/eurheartj/ehab484)



Intensified treatment based on:

+ 10-year CVD risk (SCORE2)

+ Lifetime CVD risk and treatment benefit®
« Comorbidities, frailty

 Patient preferences

For specific risk factor
management
in patients =70 years,
please see Section 4

www.escardio.org/guidelines

J
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Cardiovascular risk and risk factor
treatment in apparently healthy persons
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Recommendations for cardiovascular disease risk estimation (2)

Recommendations Class
A stepwise treatment-intensification approach aiming at intensive risk

factor treatment is recommended for apparently healthy people at high or

very high CVD risk, as well as patients with established ASCVD and/or DM, I
with consideration of CVD risk, treatment benefit of risk factors, risk
modifiers, comorbidities, and patient preferences.

Treatment of ASCVD risk factors is recommended in apparently healthy
people without DM, CKD, genetic/rarer lipid, or BP disorders who are at
very high risk (SCORE2 >7.5% for age under 50; SCORE2 >10% for age
50-69; SCORE2-0OP >15% for age 270 years).

Treatment of ASCVD risk factors should be considered in apparently
healthy people without DM, CKD, genetic/rarer lipid, or BP disorders who
are at high risk (SCORE2 2.5 to <7.5% for age under 50; SCORE2 5 to <10%
for age 50—69; SCORE2-OP 7.5 to <15% for age 270 years), taking CVD risk
modifiers, lifetime risk and treatment benefit, and patient preferences
into account.
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