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Chapter 1

ABSTRACT

As time has come to translate trial results into individualized medical diagnosis and therapy,
we analyzed how to minimize residual risk of cardiovascular disease (CVD) by reviewing papers
on “residual cardiovascular disease risk”. During this review process we found 989 papers that
started off with residual CVD risk after initiating statin therapy, continued with papers on residual
CVD risk after initiating therapy to increase HDL-C, followed by papers on residual CVD risk after
initiating therapy to decrease triglyceride (TG) levels. Later on, papers dealing with elevated levels
of lipoprotein remnants and Lp(a) reported new risk factors of residual CVD risk. And as new risk
factors are being discovered and new therapies are being tested, residual CVD risk will be reduced
further. As we move from CVD risk reduction to improvement of patient management, a paradigm
shift from a reductionistic approach towards a holistic approach is required. To that purpose,
a personalized treatment dependent on the individual’s CVD risk factors including lipid profile
abnormalities should be configured, along the line of P5 medicine for each individual patient, i.e.,

with Predictive, Preventive, Personalized, Participatory, and Psycho-cognitive approaches.
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Residual Cardiovascular Risk

INTRODUCTION

In the past decennia of medical literature, the term “residual cardiovascular risk” has hardly
been defined and its meaning has changed repeatedly. The era of statin therapy has given a
new meaning to the understanding of this term: residual CVD risk is often defined as the risk of
CVD despite statin therapy according to current guidelines. This review about residual CVD risk
describes the definitions used for this term, and the factors underlying this risk. As we mention
the therapies to modify residual CVD risk by medical and lifestyle measures, the review ends with
recommendations for personalized treatment of any individual or patient with a risk of residual

CVD.

Definition

Most often the definition of residual CVD risk is coined to the risk of an individual having a major
adverse coronary event (MACE) due to coronary artery disease (CAD) that has an atherosclerotic,
inflammatory, or thrombotic cause despite therapy. As new cardiovascular risk factors are
discovered, the definition of residual CVD risk has evolved over time. To our knowledge the first
defined mention of residual CVD risk was in 1985 by Beaumont et al. who described residual
vascular risk after discontinued oral contraception. Later on, it is described as the risk of CVD
despite antihypertensive therapy. With the upcoming popularity of successful statin therapy to
decrease LDL-C levels, the definition of residual CVD risk shifted towards the risk of CVD despite
statin therapy, and -in the mid 2000’s- the residual CVD risk after achieving target LDL-C levels
during statin therapy. At that time, it was thought that a majority (=70%) of the individuals who
were treated with statins have a substantial risk of MACE.? From 2010 onwards, the definition
starts to include the known risk factors, including but not limited to LDL-C, hypertension,
hypertriglyceridemia (HTG), risk factors regarding lifestyle such as inactivity, diet, and smoking,
and risk factors for CVD due to comorbidities, like obesity, diabetes, metabolic syndrome (MetS),
chronic kidney disease (CKD) and hypertension. The definition of residual CVD risk provided by
the Residual Risk Reduction Initiative (R3i)? is: Residual cardiovascular risk is defined as the risk
of cardiovascular events that persists in people despite achievements of treatment goals for
low-density lipoprotein (LDL) cholesterol, blood pressure, and glycaemia according to current
standards of care.* The definition we use for residual CVD risk is the risk of CVD of an individual
who is given proper therapy for hyperlipidemia, hypertension, hyperglycemia, and advice for

healthy lifestyle, and who is checked for proinflammatory and procoagulant factors.
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Chapter 1

METHODS

We reviewed the papers published on residual CVD risk; other topics, such as residual lesions,
residual obstructions, residual plaque burden after stenting, residual confounding (in statistics),
residual enzyme activities, and residual lipolysis were excluded from this review. A literature search
was conducted to identify all published studies that mentioned cardiovascular (CV) residual risk
in title, abstract and key words. PubMed databases were systematically searched with the aid of
an experienced librarian. The search strategy included the following terms or derivatives of these
terms: residual CVD risk, residual thrombotic risk, residual vascular risk, residual atherosclerotic
risk, and residual inflammatory risk. We excluded studies involving animals and those without
available text in Dutch, German, French, or the English language. Data was collected up to
January 12th, 2023, resulting in 989 hits. Titles and abstracts were manually reviewed on 1. the
definition of the term residual CVD risk, and 2. the medical, biochemical and/or pathological risk
factors involved. We summarized all therapies to reduce residual risk described in this review in
Supplemental Table 1. To complete the table with the most recent data, we refer to literature that

does not necessarily include residual risk in its title or abstract.

RESIDUAL RISK FACTORS

In an early European survey of CVD risk factors and their specific therapies to achieve target
levels, treated dyslipidemic patients attained the targets of total cholesterol (TC) (<4.91
mmol/L) and of LDL-C (<2.97 mmol/L) in 42.2%, treated hypertensives attained targets of blood
pressure (<140/90 mmHg) in 38.8%, treated type 2 diabetic (T2DM) patients attained targets
of hemoglobin-Alc (HbA1lc) (<47.5 mmol/mol) in 36.7%, and treated obese patients attained
targets of body mass index (BMI) (<30 kg/m?) in 24.7%.° These results clearly indicate that even in

patients on treatment roughly half were off target, and at high remaining CVD risk.

Residual risk associated with atherogenic dyslipidemia

LDL-cholesterol

TC and LDL-C were the first lipids identified as responsible for atherosclerotic CVD (ASCVD).
Initially, TC and LDL-C were not widely accepted as a risk factor, but statin studies that reduced
TC and LDL-C levels supported the lipid theory of atherosclerosis (Supplemental Table 1). Today,
LDL-C remains the primary therapeutic target for ASCVD management and prevention, but should
not be the only one. Statins are LDL-C lowering drugs that inhibit hepatic cholesterol synthesis
through inhibition of hydroxymethylglutaryl-CoA (HMG-CoA) reductase.® In the statin-treated
patient the LDL-C targets should be met. The significant residual CVD risk observed in =70% of

patients under optimal statin therapy warrants the exploration and testing of alternative risk
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Residual Cardiovascular Risk

factors and specific drugs.? In addition to statins, ezetimibe a cholesterol absorption blocker,
monoclonal antibodies alirocumab and evolocumab, which are proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors, and inclisiran, a small interfering RNA (siRNA) therapeutic agent
that inhibits synthesis of PCSK9, have been reported to effectively lower LDL-C.

Small dense LDL (sdLDL)

Under conditions of atherogenic dyslipidemia, a fraction of LDL is apparent with small dense
LDL (sdLDL) particles, generally in combination with low levels of HDL-C, and elevated levels of
TG, TG-rich lipoproteins (TGRLs) and their remnants. These particles are highly atherogenic and
their cholesterol content is considered useful for additional risk stratification and determination
of residual CVD risk.” One year later, the same group reported that sdLDL, HDL-TG and large
concentrations of LDL particles were the most powerful predictors of CVD risk.® Likewise, in
patients with acute coronary syndrome (ACS) who underwent percutaneous coronary intervention
(PCI) those with elevated levels of sdLDL have higher risk of cardiovascular events compared to

those without elevated sdLDL levels.®

Apolipoprotein B (ApoB)

Apolipoprotein B (ApoB) is present in all atherogenic lipoproteins contributing to cardiovascular
risk: Lp(a), LDL, very low-density lipoprotein (VLDL), sdLDL, and chylomicrons (CMs). Therefore,
ApoB concentration is a direct measure of atherogenic lipoprotein particles’ number in circulation
and a more suitable measurand than the LDL-C concentration, which does not directly reflect
the total number of atherogenic lipoprotein particles. To our knowledge Fruchart et al. were the
first to mention ApoB in relation to residual CVD risk in the R3l in which the authors call for
action to reduce cardiovascular risk despite achieving target levels of LDL-C, blood pressure and
glycemia.’® As Sniderman stated in 2009: “ApoB is simply a better way of measuring LDL-C” and
“should be the primary target of LDL lowering therapy and not simply measured after cholesterol
targets have been achieved”.'! Indeed, studies have repeatedly shown that ApoB outperforms
both LDL-C and non-HDL-C as CVD risk predictor in both men and women at all ages.'>*¢ For
example, in the INTERHEART study ApoB showed to be a better predictor of myocardial infarction
(M) than LDL-C and non-HDL-C.® Especially in T2DM patients ApoB is an important marker, as
cardiovascular risk in these patients is related to elevated TGRL levels rather than high LDL-C. In
addition, in T2DM patients with elevated TG levels, the Friedewald equation to calculate LDL-C
fails. In 2011, a meta-analysis was conducted on ApoB as cardiovascular risk marker in statin trials,
which demonstrated that ApoB outperforms LDL-C in cardiovascular risk prediction. The author
concluded that in future guidelines of lipid-lowering therapies, ApoB should be mentioned as 1)

an indicator of cardiovascular risk, 2) an indicator treatment efficacy, and 3) a target of therapy.®®

15




Chapter 1

As previously stated, measuring ApoB is a more comprehensive way of assessing the total number
of atherogenic particles compared to LDL-C. For instance, in the presence of elevated levels of
sdLDL, only measuring ApoB will provide an accurate picture of the risk of CVD. Relying solely on

LDL-C may miss the presence of sdLDL and underestimate the risk of CvD.* &

Direct ApoB targeted therapy

Mipomersen is an antisense oligonucleotide (ASO) directed at ApoB100, preventing the hepatic
synthesis of ApoB and formation of VLDL and LDL. Mipomersen decreased ApoB levels by 36%
in patients with severe hypercholesterolemia and in patients with increased CVD risk.* In mild
dyslipidemic patients, mipomersen administration resulted in up to 50% decrease of ApoB
levels.?’ In patients with heterozygous familial hypercholesterolemia (heFH), ApoB was decreased
by 33%. Homozygous FH (hoFH) patients lacking functional LDL-receptors, are often unable to
reach therapeutic target levels with traditional lipid-lowering therapies such as statins or PCSK9
inhibitors that upregulate LDL receptors. Mipomersen administration was able to reduce ApoB in
hoFH patients already on lipid-lowering therapies by 24%. Despite promising results, mipomersen
was rejected by the European Medicine Agency (EMA) due to risk of liver toxicity, because of
hepatic accumulation of TG most likely due to impaired VLDL production.?’ In contrast, the United
States Food and Drug Administration (FDA) did approve mipomersen as treatment of hoFH
patients only. Another way to prevent ApoB-containing lipoprotein production and secretion is
inhibition of mitochondrial triglyceride transfer protein (MTP) with lomitapide.?! In a phase Ill trial
including hoFH patients, lomitapide was able to reduce ApoB and LDL-C levels by 49% and 50%,
respectively.?? Because of these results, lomitapide administration to hoFH patients has been
approved by the FDA and EMA.

HDL

One of the secondary targets for intervention in individuals treated with statins was HDL-C, as low
HDL-C was reported to be a characteristic for atherogenic dyslipidemia. Many studies were devoted
to therapies that reduced residual CVD risk by increasing HDL-C. In dyslipidemic patients with CVD
and in patients with dyslipidemia HDL-C levels are generally low, most often in combination with
elevated TG levels. Worldwide, much effort has been paid to treat patients, already on statins,
with HDL-raising medication. In the ARBITER-2 trial patients with CHD and mean levels of HDL-C
and TG of 1.03 mmol/L and 1.84 mmol/L, respectively, therapy with nicotinic acid was associated
with increase of HDL-C, decrease of TG, and lack of progression of carotid intima-media thickness
(IMT), whereas in controls carotid IMT increased over time.?® A cholesterol-ester transport
protein (CETP) inhibitor, torcetrapib, added to atorvastatin therapy, produced a dose-dependent

increase in HDL-C, as well as an additional decrease in LDL-C.?* Torcetrapib was withdrawn from
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Residual Cardiovascular Risk

clinical testing because of serious adverse effects.?> 2® Besides CETP inhibitors, ApoA-I mimetics,
recombinant HDL, liver X receptor (LXR) agonists and peroxisome proliferator-activated receptors
(PPAR) agonists were advocated as HDL-C raising drugs to reduce CVD risk.?” Poss et al. presented
the warning that anincrease of HDL-C does not necessarily imply animprovement of the functional
properties of HDL.%® Indeed, the JUPITER trial demonstrated that in statin-treated patients with
CVD who had low LDL-C levels, low HDL-C was not predictive of residual CVD risk.2 An important
conclusion of the ACCORD trial was that extension of statin therapy with fenofibrate yielded no
significant ASCVD risk reduction.®® The ILLUMINATE trial found no improvement of torcetrapib
on residual CVD risk, which questions the benefit of HDL-raising therapy.>* The AIM-HIGH trial
showed no incremental benefit of niacin with statin therapy after 36-months follow-up.??> As
the same was true for CETP inhibitors and fibrates, it was suggested that instead of targeting
HDL-C levels, the quality of HDL in terms of particle number, shape, size, and composition e.g.
apolipoprotein, triglyceride and cholesterol content and HDL’s functionality should be taken into
consideration.®*** HDL is considered atheroprotective, is involved in reverse cholesterol transport,
and has anti-inflammatory, anti-thrombotic, anti-oxidative, anti-infectious, and vasodilatory
activities. High levels of dysfunctional HDL are associated with increased risk of CVD, whereas
high levels of functional HDL, enriched in ApoA-I are associated with decreased risk of CvD.3" 38
Besides ApoA-I, other HDL components, such as HDL-associated hydrolases (e.g., paraoxonase
1), certain (lyso)phospholipids, nutrition, smoking, air pollution, and plastic-associated chemicals
influence HDL's functionality.?® In individuals with very low HDL-C, due to rare monogenic
dyslipidemia (e.g., Tangier disease, LCAT deficiency, familial hypoalphalipoproteinemia) or due to
secondary dyslipidemias, the very low HDL-C levels are associated with (1) increased risk of CVD,
(2) comorbidities, such as T2DM, and (3) elevated levels of sdLDL.*°

ApoA-I mimetics

Nicholls et al. wondered whether instead of HDL's cholesterol content, it would be better to study
the beneficial effects of HDLs apolipoprotein A-I (ApoA-1) content in dyslipidemic patients.*
ApoA-| is a protein synthesized in the liver and intestine and contributes to the structure of
HDL.*> A successful way to increase HDL-C levels is treatment with ApoA-I mimetics, resulting
in an enhanced reverse cholesterol transport function of HDL. However, the CARAT trial has
demonstrated that patients with ACS who received a recombinant wild-type ApoA-I (CER-001;

3 mg/kg body weight weekly) lacked any regression of plagque volume compared to placebo.*®
Hypertriglyceridemia (HTG) and TG-rich lipoproteins
In statin-treated individuals residual CVD risk may be due to persistent atherogenic dyslipidemia,

which can be defined by high fasting TG levels (>2.31 mmol/L) and low HDL-C levels (<1.0 and
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<1.29 mmol/L in men and women, respectively), sdLDL particles, remnant lipoproteins, and
postprandial hyperlipidemia. HTG results from hepatic oversecretion and/or hypocatabolism of
TGRLs, being VLDL particles and their remnants.* Atherogenic dyslipidemia is a characteristic
often seen in individuals and patients with obesity, T2DM, and MetS***¢, and is associated with
an increased (by 58%) risk of CVD.*” Often TG elevations are secondary to several conditions,
but are primary to syndromes like familial combined hyperlipidemia, type Il hyperlipidemia in
combination with the apos2/g2 genotype, and familial chylomicronemia syndrome (FCS).*® In the
FMD-J study serum TG levels >100 mg/dL (1.13 mmol/L) in patients undergoing PCl had increased
risk of new events compared with those having TG levels <100 mg/dL (1.13 mmol/L).*° In primary
prevention, individuals with TG levels >150 mg/dL (1.69 mmol/L) were at lower (by 9%) adjusted
risk of death and higher (by 14%) risk of MACE. In secondary prevention patients with TG levels
>150 mg/dL(1.69 mmol/L) were at lower adjusted risk of death (by 5%), higher (by 4%) risk of
MACE, and higher (3%) risk of all-cause hospitalization.*® Mason et al. considered “TG levels as
a potential biomarker of cardiovascular risk, but found no evidence that TG lowering itself is an
effective strategy for reducing such risk”.>* Individuals with HTG having low to moderate risk of
CVD suffered from subclinical atherosclerosis and vascular inflammation, even in the absence of

hypercholesterolemia.*?

Fibrates

While lifestyle modification is key to managing patients with HTG®> *, fibrates have been
advocated as therapy for HTG for a long time. Fibrates such as fenofibrate and gemfibrozil, which
modulate the PPARs, decrease TG and increase of HDL-C. Although these drugs decrease TG, their
effect on ApoB is limited. Fibrates stimulate free fatty acid (FFA) oxidation in the liver, thereby
reducing fatty acids available for VLDL synthesis and secretion. Another effect of fenofibrate is
stimulation of lipoprotein lipase (LPL) expression, and its inhibition of ApoC-Ill expression in the
liver. Thus, the dual mechanism of TG lowering by fibrates is reduced synthesis, and intensified

hydrolysis of TGRLs.>

PPAR modulators-a / K-877

In 2014 Fruchart et al. introduced the R3l, that had to find out how to treat atherogenic
dyslipidemia.’® This R3l group introduced therapy of atherogenic dyslipidemia with selective
PPAR-C modulators (SPPARQ), such as pemafibrate.*® In 2015 the PPARC/Y agonist, saroglitazar,
was reported to be of substantial benefit for patients with atherogenic dyslipidemia and/or
diabetes®, and in 2017 therapy with statin plus K-877 (pemafibrate) was advocated as therapy
with a favorable benefit-to-risk ratio.® The PROMINENT study was performed with pemafibrate
in patients with HTG and T2DM and close to/on target LDL-C levels, but was stopped in April 2022
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for reasons of futility.>® While pemafibrate successfully decreased TGRLs and their remnants, it
led to an opposing outcome of elevated LDL-C and ApoB levels. Basically, pemafibrate was able to
increase the conversion of TGRLs, but did not increase the clearance of the resulting atherogenic
lipoprotein particles *°, nor did it reduce the levels of sdLDL-C.®® As to the latter finding, it is clear
that in diabetics with rigorous control of LDL-C TG-lowering therapy does not efficiently suppress

sdLDL-C levels, which may explain the lack of suppression of ASCVD risk by pemafibrate.®°

w3-fatty acids

Studies investigating the effects of w3-fatty acids, including docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA), on TG levels in patients with T2DM and MetS, have often yielded
disappointing results with insignificant reductions in TG. However, in 2012 it was demonstrated
that w3-fatty acids had been given at too low doses to affect lipid profiles.®* EPA demonstrated
improvement in atherogenic dyslipidemia and blood pressure, supporting its anti-atherosclerotic
role, including preventing occurrence of new events.®> Moreover, EPA lowered TG levels and
exhibited anti-inflammatory effects.%® Statin-treated patients with HTG showed favorable lipid
changes upon switching to icosapent ethyl, a highly purified, stable ethyl ester of EPA.%* The
results of the REDUCE-IT study demonstrated that icosapent ethyl decreased TG levels and
reduced the risk of the trial’s primary cardiovascular endpoint by 25%, although the causal
relationship between the two was not proven.® The FDA approved icosapent ethyl for adults on
statin therapy with TG levels >150 mg/dL (1.69 mmol/L) and either CVD symptoms or T2DM and
at least two additional CVD risk factors.®® ¢ Surprisingly, the icosapent ethyl-induced reduction in
cardiovascular events was not explained by the reduction in TG alone®®7°, but may be related to
other pleiotropic effects induced by an increased EPA/arachidonic acid (AA) ratio.”* This EPA/AA
ratio is inversely associated with an increased risk of cardiovascular events in patients with CAD.”?
Notably, EPA acts as a cardioprotective factor stabilizing plaque by inducing anti-inflammatory
response and reducing platelet aggregation. In contrast, AA destabilizes plaque by activating
inflammatory responses and promoting platelet activation. Increasing the EPA/AA ratio by
icosapent ethyl administration may therefore lead to improved plaque stability, reduced platelet

adhesion, and anti-inflammatory factors”>7> and improved endothelial function.”®

Lipoprotein remnants

In statin-treated individuals, the incidence rate of cardiovascular events is reduced by =30%. This
means that remaining residual risk is effectuated by factors other than LDL-C, the most frequent
being TGRLs and Lp(a). Particularly the accumulation of the relatively cholesterol-enriched,
incompletely catabolized remnants of CMs and VLDL has become a new target to reduce residual

CVD risk.”” 7 Of the VLDL subclasses identified, the smallest remnant subclass was associated
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with the highest residual risk.” In literature there are multiple definitions used for “remnants” in
relation to lipoprotein particles and their composition. Usually, remnants of TGRLs are referred to
as remnant lipoproteins and the cholesterol content of those remnants are reported as remnant
cholesterol (RC). However, there is no consensus on the definition of RC as the ways RC are
calculated and measured differ widely among studies. Varbo and Nordestgaard referred to RC as
non-HDL-C minus LDL-C, which can be referred to as calculated RC.% This means that it includes
the cholesterol content of unmetabolized VLDL, intermediate density lipoprotein (IDL) and CMs
(non-fasting) and not just their remnants. Unless specified otherwise, we will be referring to

calculated RC when discussing RC.

Remnant lipoproteins are formed through lipolysis of VLDL and CM, resulting in enrichment of
cholesterol (both free and esterified) and depletion of TG content. Efficient lipolysis of TG in
VLDL particles by LPL results in a rapid conversion to regular-sized LDL, with limited formation of
remnants. However, when lipolysis is retarded, more remnants are formed and can accumulate,
leading to a prolonged residence time in circulation. On top of that, slower lipolysis leads to
the formation of sdLDL. Remnant lipoproteins are either cleared directly via hepatic uptake
or converted to IDL and LDL. Multiple factors can impair lipolysis such as VLDL accumulation,

elevated ApoC-lll levels, and lower LPL activity due to mutations.

In 2013, Varbo et al. found that elevated levels of RC is a causal factor for both increased risk
for ischemic heart disease (IHD) and low-grade inflammation in the general Danish population.®!
In 2016, Jepsen et al. showed in the Copenhagen Ischemic Heart Disease Study that RC in IHD
patients was associated with increased risk and all-cause mortality.®2 Measured RC was also
associated with this increased risk, although less strongly than the calculated RC, including VLDL
and IDL cholesterol. Interestingly, this increased risk was not associated with elevated levels
of measured LDL-C, suggesting a role for RC in addressing residual all-cause mortality risk for
patients with IHD. The authors concluded that 8-18% of residual risk of all-cause mortality in IHD
patients can be attributed to elevated levels of RC.®2 In the NHANES study population, Zhang et
al. demonstrated that elevated levels of RC were associated with increased risk of cardiovascular
mortality, independent of HDL-C and LDL-C.2® The authors concluded that the time has come
to address residual CVD risk by targeting RC. Fasting plasma ApoB48 levels are correlated with
severity of CAD.® Patients with high levels of chylomicron remnants should be managed with

anti-diabetes therapy, complemented with a low-fat diet.

Remnants and therapies

Multiple approaches exist to target TGRL formation, remnant formation, and elevated RC. ApoB
is crucial to particle formation as TGRLs require one ApoB molecule per particle. Decreasing

TGRLs, their remnants, and RC can be achieved by targeting ApoB synthesis. Approaches include
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inhibiting ApoB formation with mipomersen or inhibiting the assembly of VLDL by MTP inhibition
with lomitapide. Another approach involves the increase of LPL activity to clear TGRLs. This can

be accomplished by inhibiting ApoC-IIl or ANGPTL3 synthesis, which are both lipolysis inhibitors.

ApoC-lll inhibition

ApoC-lIl acts through various mechanisms: 1. it is an inhibitor of LPL and hepatic lipase (HL),
2. it impairs ApoE-mediated hepatic uptake of TGRL, 3. it facilitates VLDL-TG assembly and
secretion, 4. it impairs ApoB100-mediated binding and ApoE-mediated binding of LDLR and
LRP-1, resulting in a decreased hepatic uptake of VLDL and CM, and 5. accumulation of ApoC-Iil
leads to conformational changes of HDL resulting in decreased ApoA-I content, impaired insulin
sensitivity and reduced cholesterol efflux capacity.’® # ApoC-Ill was significantly associated with
cardiovascular events in patients with stable CAD.8 Interestingly, the prognostic value of ApoC-
Il was less strong in the presence of CMs (non-fasting). In addition, individuals with loss-of-
function APOC3 showed 40% lower plasma TG levels, 40% lower risk for CHD, and 60% lower risk
for ischemic vascular disease compared to non-carriers, implying a causal relationship between
ApoC-lil and CVD.5 &7

Today, inhibition of ApoC-Ill expression seems a new, promising target to normalize the
concentrations of TG and remnants.”” One of the first anti-ApoC-IIl agents that became available
was volanesorsen (formerly ISIS 304801, ISIS-APOCIII-Rx), an ASO, which reduced TG levels by
76.5% and plasma ApoC-lll levels by 84.2% in patients with familial chylomicronemia syndrome
(FCS). The FDA did not approve volanesorsen in FCS patients since a substantial proportion (76%)
of these patients developed thrombocytopenia in the APPROACH trial.®® In contrast, the EMA did
approve volanesorsen therapy, but in in patients with FCS only.® Newer ApoC-lll-antagonists, like
the ASO olezarsen (formerly AKCEA-APOCIII-LRx), an N-acetylgalactosamine (GalNAc) conjugated
form of volanesorsen, showed ApoC-lll reduction of 92% and TG reduction of 77% in healthy
individuals with mildly elevated TG levels.®® Whether olezarsen improves clinical outcome is yet

unknown.

Angiopoietin-like protein 3 inhibition

ANGPTL3, like ApoC-lll, acts as a lipolysis inhibitor and presents another target to increase LPL
activity. Individuals with loss-of-function ANGPTL3 had lower levels of plasma TG, LDL-C and
HDL-C and lower cardiovascular risk compared to non-carriers.®®®* ANGPTL3 is an inhibitor of LPL,
an enzyme responsible for lipolysis of ApoB-containing lipoproteins. Novel ANGPTL3 inhibition
strategies, such as monoclonal antibodies (evinacumab), ANGPTL3 ASO (IONIS-ANGPTL3-LRx),
and siRNA against ANGPTL3 (ARO-ANG3), have in common that they increase the rate of lipolysis
and reduce LDL-C and TG levels.®
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Lp(a)

Lp(a) is a lipoprotein containing a plasminogen-like glycoprotein Apo(a) covalently bound to
an ApoB100-containing LDL-like particle. Unlike most other types of lipoproteins, Lp(a) levels
are largely determined by genetics and are not significantly affected by lifestyle characteristics
such as nutrition and exercise. The precise mechanism by which Lp(a) operates is uncertain,
but Lp(a) is thought to contribute to ASCVD via pro-atherogenic, pro-inflammatory, and/or pro-
thrombotic pathways. In 2011, Mangalmurti et al. mentioned assessment of Lp(a) level, ApoB
level and LDL particle number as lipid biomarkers that “potentially have clinical utility”.*> The
AIM-HIGH trial with patients with previous ASCVD on statin treatment in combination with
niacin, showed that Lp(a) was a risk factor for recurrent ASCVD in the group with combination
therapy and in the control group (only statins), whereas ApoB and ApoA-I| (corresponding to all
atherogenic lipoprotein particles and corresponding to HDL particle number, respectively) were
only predictive for recurrent ASCVD in the control group, suggesting an independent role for
Lp(a) in relation to ASCVD.?*>** Indeed, compelling pieces of evidence from clinical trials, such
as AIM-HIGH and JUPITER, and meta-analyses have now consistently shown that Lp(a) is a risk
factor for atherosclerosis and CVD independent of LDL-C levels.®* * Elevated levels of Lp(a) are
an independent risk factor for aortic valve stenosis.®® This has been supported by Mendelian
randomization studies that suggest a causal relationship between elevated levels of Lp(a) and
the occurrence of both ASCVD and aortic stenosis.” Already in 2016, Tsimikas discussed the role
of Lp(a) in primary and secondary prevention of CVD and concluded that one measurement of
Lp(a) can reclassify 40% of the patients in intermediate risk score categories in primary care.*
Averna and Stroes together with the Expert Working Group on Lipid Alterations Beyond LDL
conducted a thorough evaluation of clinical data resulting in recommendations addressing
residual CVD risk with biomarkers beyond LDL-C, such as non-HDL-C, ApoB, RC and Lp(a). The
authors state that Lp(a) is a strong, genetic, independent, and causal risk factor for CVD and
should be considered measuring in patients with premature CVD, FH, and family history of CvD.%
The recent identification of a correlation between Lp(a) level and CVD risk has resulted in updated
guidelines that suggest Lp(a) measurement in specific clinical situations. In 2020, Tsimikas et al.
conducted a meta-analysis including twelve statin trials and concluded that statins significantly
increase Lp(a) from baseline up to 24.2% and stressed the importance of investigating the Lp(a)-

attributable residual CVD risk after statin treatment.*

Lp(a) and oxidized phosholipids (OxPL)

The OxPL components of Lp(a) are proinflammatory and contribute to proatherogenic properties
of Lp(a). Lp(a) is the primary carrier of plasma OxPL (about 85%), even though the number of
Lp(a) particles is considerably lower than that of LDL.’® Several studies showed that OxPL-ApoB
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is equivalent or superior to Lp(a) as a marker for diagnosis and prognosis of CVD and calcific
aortic valve stenosis.’®® OxPL on Lp(a) has also been shown to up-regulate genes related to
inflammation.* In addition, OxPL-ApoB levels were elevated in patients with ACS or ASCVD and
were highly predictive for the risk of MI, stroke and cardiovascular mortality.'® As statins are
known to increase Lp(a) levels, statins may thus also increase OxPL-ApoB levels. Simvastatin/
ezetimibe administration led to a mean increase in OxPL-ApoB of 24% and an Lp(a) increase of

11%. The ASO directed at Apo(a), pelacarsen, was able to reduce OxPL levels, besides Lp(a).1*

Residual risk associated with inflammatory processes and factors

Recent studies have confirmed that inflammation increases cardiovascular risk independent
of LDL-C levels. Especially atherosclerosis is now widely accepted as a chronic low-grade
inflammatory condition, in part caused by cholesterol itself.?> Several biomarkers of inflammation
have been studied in relation to atherosclerosis and subsequent plaque formation. Here we
discuss the central inflammatory signaling pathway and phospholipases as targets to address

residual inflammatory risk.

IL-1-to-IL-6-to-CRP signaling pathway

High sensitivity C-reactive protein (hsCRP) provides the most substantial evidence as a useful
prognostic inflammatory marker for residual inflammatory risk in patients at target levels of LDL-C.
Despite hsCRP being a valuable marker for increased risk!®, research on the association between
genetic variants in the CRP gene and CHD risk suggest that CRP is not likely a causal factor in
CHD.* Instead, a number of Mendelian randomization studies found causal relations between
the IL-6 receptor gene and the risk for CHD.*® The JUPITER trial was the first significant clinical
study that examined whether CRP could be used as novel biomarker to identify patients who
could benefit from statin therapy, but who were on target LDL-C levels and therefore not eligible
for lipid-lowering according to guidelines.®® This trial showed that patients with LDL-C levels
<130 mg/dL (3.36 mmol/L) and CRP levels of >2 mg/L had a higher risk of cardiovascular events
compared to patients with low LDL-C and CRP <2 mg/L. Moreover, CRP was found to be a stronger
predictor of these events than LDL-C.2"-1% Assessing both LDL-C and CRP levels together provided
superior prognostic information than testing for either measure alone.'®® This was supported by
other clinical trials (SATURN, PROVE-IT, AFCAPS/TexCAPS, REVERSAL, and IMPROVE-IT).10%111

CANTOS was the first clinical trial that directly investigated the relationship between
atherothrombosis and inflammation regardless of lipid levels. Canakinumab, an IL-1(3 antagonist,
directly inhibits IL-1-to-IL-6-to-CRP signaling pathway. In 2017, CANTOS showed a 26% reduction

of MACE for patients with on-treatment hsCRP <2mg/L after canakinumab administration,
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independent of LDL-C lowering, compared to the placebo group.'*? In addition, in this subgroup
cardiovascular mortality and all-cause mortality were significantly reduced by 31%. However,
canakinumabs’ clinical applicability is hampered due to high prevalence (over 10%) of adverse
events including neutropenia, cellulitis, pseudomembranous colitis, fatal infection, and sepsis, as

well as expensive treatment costs.!*?

In parallel with CANTOS, the CIRT with methotrexate was conducted. Initially, methotrexate
was a chemotherapeutic drug acting as a folic acid antagonist, and it is commonly used to
treat rheumatoid arthritis and psoriasis. A cross-sectional study involving rheumatoid arthritis
patients revealed that methotrexate was associated with a 15% reduction in cardiovascular
events, indicating its potential as a promising new therapeutic approach for CVD.'** !> However,
when tested in a cardiovascular context, methotrexate did not reduce levels of IL-1[3, IL-6 or CRP
among patients with stable atherosclerosis, nor did it lead to a reduction in cardiovascular events

compared to placebo.'*®

Colchicine, another anti-inflammatory agent, inhibits NLRP3 inflammasome activation and the
downstream activation of IL-1, IL-18, and IL-6. The COLCOT trial showed a 23% risk reduction in
MACE with colchicine administration after MI.**” In the LoDoCo2 trial, colchicine administration
to stable CAD patients resulted in a 30% reduction in cardiovascular events compared to placebo.
However, it can cause myalgia, gastrointestinal distress, and drug interactions with commonly

prescribed medications, including antibiotics and statins.

Bempedoic acid is a therapeutic agent that inhibits ATP citrate lysase, just upstream from HMG-
CoA reductase, lowers LDL-C, and reduces hsCRP. The CLEAR Outcomes trial assessed its effects in
patients with ASCVD or heFH on statin therapy with residual inflammatory risk (hsCRP >2 mg/L).
Results show that bempedoic acid lowers lipid levels (LDL-C, TC, and ApoB) and inflammation (IL-6
and hsCRP) independently, making it a promising candidate for residual cholesterol-related and

inflammatory risk. However, it has no impact on Lp(a) levels.***

Recently, ziltivekimab, an IL-6 inhibitor, has shown to effectively reduce hsCRP up to 92% in
individuals with elevated hsCRP and CKD.!? Currently, the ZEUS trial is investigating its impact on
reducing hsCRP and MACE.

Lipoprotein-bound phospholipase A2 (Lp-PLA2)

PLA2 is a family of enzymes that is responsible for the hydrolysis of oxidized phospholipids
on LDL particles, resulting in the production of two highly inflammatory mediators,
lysophosphatidylcholine and oxidized FAs, which can be linked to atherosclerotic plaque formation

and plaque inflammation.**
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In 2005, Lp-PLA2 was a novel inflammatory marker of cardiovascular risk that was being considered
as a potential therapeutic target.??>2* Lp-PLA2 is primarily bound to LDL, but also to HDL, Lp(a) and
TGRLs. Multiple studies have shown that elevated levels of Lp-PLA2 are associated with increased
risk of CHD and stroke, independently of hsCRP and after adjusting for traditional risk factors.1%®
Lp-PLA2 seemed to be an interesting target as it is a cross-over between lipid metabolism and
inflammation, both involved in CVD risk. In 2008, a phase Il trial was conducted with darapladib,
an Lp-PLA2 inhibitor, in patients with CHD. Darapladib reduced interleukin-6 (IL-6) and hsCRP
levels and prevented necrotic core expansion in coronary atherosclerotic lesions.** However, in
two trials darapladib administration in patients with recent ACS and in patients with stable CHD
did not lead to a reduction in MACE (SOLID-TIMI 52 and STABILITY). This implies that Lp-PLA2
may be a biomarker for vascular inflammation instead of being a direct cause of CVD. In addition,
darapladib administration led to adverse side effects such as diarrhea and malodorous feces,
urine, and skin.'?* Notably, patients in both trials had low levels of LDL-C and the majority was
taking statins, which inhibits PLA2 activity. These findings suggest that targeted PLA2 inhibition on

top of statin treatment does not offer any additional benefit.'?*

Endothelial dysfunction

Endothelial dysfunctionisageneraltermthat describes the site that attracts, binds, and internalizes
monocytes that may develop into foam cells and subsequent plaque formation. Besides,
dysfunctional endothelium produces less nitric oxide (NO), a vasodilator, due to depressed eNOS
(NOS3) activity. Instead, in dysfunctional endothelium inducible NOS (iNOS or NOS2) is formed,
ultimately leading to massive quantities of peroxynitrite, a molecule with detrimental effects
on tissues, such as hypertrophy, dilatation, fibrosis, and dysfunction. Factors that contribute to
endothelial dysfunction include dyslipidemia, oxidative stress, and inflammation.!?® Statins have
been reported to improve endothelial dysfunction.*?” HTG was recognized as a therapeutic target
in the treatment of endothelial dysfunction and w3-fatty acids administration was recommended
as therapy to improve endothelial function.®> 2 When patients with CAD and impaired vascular
function underwent optimal medical treatment for 24 weeks, the improvements of flow-mediated
vascular dilatation, a marker of vascular endothelial function, predicted the lowest probability of

future MACE.**

Clonal hematopoiesis of indeterminate potential (CHIP)

Clonal hematopoiesis of indeterminate potential (CHIP), a collection of somatic mutations, is an
age-associated risk factor for M, stroke, heart failure events, and survival following percutaneous
aortic valve intervention.?3% 13! |t is suggested that CHIP activates the inflammasome pathway and

contributes to thrombosis, leading to CVD. Although the association between CHIP and CVD is still
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being studied, early evidence indicates that CHIP may serve as a useful biomarker for identifying

those at increased risk of CVD.*** 13! There are no specific therapies yet.

Residual risk associated with thrombotic processes and coagulation
factors

Current guidelines to reduce atherothrombotic events involve antiplatelet therapy and lipid-
lowering therapy. However, a residual risk of atherothrombosis and subsequent cardiovascular
events remains in secondary prevention of CVD after coronary intervention.’*> 133 There are
currently two commonly used therapeutic approaches to address residual thrombotic risk,

namely dual antiplatelet therapy (DAPT) and dual pathway inhibition (DPI).

Dual antiplatelet therapy (DAPT)

The platelet P2Y12 receptor has a key role in thrombus formation during ACS. Dual antiplatelet
therapy, combining aspirin and a P2Y12 inhibitor, was used to decrease residual thrombotic risk,
at the expense of a bleeding risk. The PEGASUS-TIMI 54 trial with ACS patients with stable CAD
demonstrated that treatment with P2Y12 inhibitor, ticagrelor, on top of aspirin administration
resulted in a 16% reduction in MACE.*3* 3 Particularly after invasive procedures, dual antiplatelet
therapy proved to be highly effective in preventing thrombotic events. Also, in diabetics anti-

thrombotic strategies in acute and chronic CAD remain an unmet clinical need.**

Dual pathway inhibition (DPI)

A relatively novel approach to address this residual thrombotic risk is dual pathway inhibition
(DPI). DPI involves targeting both platelet activation and coagulation cascade by combining
antiplatelet and anticoagulant agents. The COMPASS trial with patients with stable ASCVD showed
that the combination of rivaroxaban (a Factor Xa inhibitor) and aspirin was superior in preventing
recurrent MACE compared to aspirin alone, but at the expense of significant bleeding risk.*** Low-
dose rivaroxaban in combination with aspirin has been implemented in European guidelines for
patients with diabetes and peripheral artery disease at low bleeding risk.’* The combination of
rivaroxaban on top of clopidogrel has been examined in patients with ACS, resulting in significant
reduction of ischemic events and cardiovascular mortality, again at the expense of increased risk

of bleeding.3% 13

Comorbidities

Even after controlling for the traditional cardiovascular risk factors, subjects with T2DM, MetS,

hypertension, obesity, and/or CKD remain at high residual CVD risk despite target LDL-C levels.
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Diabetes

DM is one of the comorbidities associated with considerable residual risk of CVD. Already in 2001,
diabetes, smoking, hypercholesterolemia, and hypertension were mentioned as correctable risk
factors that should be addressed by physicians “before cardiovascular and renal damage become
manifest”.** In patients with T2DM, hyperglycemia and dyslipidemia were found to be associated
with inflammatory risk, thrombotic risk, and risk of endothelial dysfunction.’* In the following
years, many papers reported on new therapies to treat diabetic dyslipidemia, characterized
by elevated levels of TG, reduced levels of HDL-C, elevated levels of remnant lipoproteins, and
presence of sdLDL. The addition of fibrates to anti-diabetic therapy improved lipid abnormalities,
reduced progression of atherosclerosis, and reduced risk of CAD in T2DM patients.* Fibrates,
being agonists of PPAR, can treat insulin resistance and HTG when combined with improvement
of diet and physical activity.'*? Particularly PPAR-y activators, such as the thiazolidinediones,
have, in combination with statins, complementary effects on CVD risk reduction in patients with
T2DM.* Fenofibrate was shown to offer macrovascular and microvascular benefits in patients
with T2DM on statin therapy.****¢ However, the FIELD study demonstrated that fenofibrate did
not reduce MACE in patients with T2DM, although fenofibrate was shown to have favorable
impact on a number of nonlipid residual risk factors.**” Around 2010 it became evident that the
ACCORD trial has demonstrated that in patients with T2DM with atherogenic dyslipidemia the
combination therapy of statin and fibrate resulted in risk reduction, although in the absence
of atherogenic dyslipidemia this favorable effect was absent.’**° In patients with diabetes or
MetS who achieved their desirable LDL-C levels, non-HDL-C levels may remain too high, and
deserved specific therapy to reduce residual CVD risk.**! In the year 2012 it became clear that
atherogenic dyslipidemia in patients with T2DM or MetS should not be treated with fenofibrate,
torcetrapib or niacin in combination with statin to reduce residual risk. Instead, several authors
recommended that correction of hyperglycemia should be combined with statin and lifestyle
changes.’ 3 Around 2012 several reports proposed that therapy with w3-fatty acids may treat
HTG and may reduce residual risk in T2DM patients and patients with MetS.***>* By using lifestyle
changes, anti-glycemic agents, and lipid-regulating therapies in patients with T2DM, endothelial
function improved as well.??® Recently it was found that statins could slightly increase the risk of
T2DM, but T2DM patients clearly benefit from statin therapy.** In the REDUCE-IT trial icosapent
ethyl markedly lowered residual risk of MACE in patients with ASCVD and with T2DM.**® Xiao et
al. pointed out that the central abnormality of the atherogenic dyslipidemia in diabetics is the
presence of TGRLs (remnants) that are primarily responsible for high residual risk.**” From 2019
on, several groups stated that HTG in diabetics is a serious risk factor that deserves therapy.'*®¢2 As
diabetes is a leading cause of CKD, new therapies with glucagon-like peptide-1 receptor agonists
(GLP-1-RA) and sodium/glucose cotransporter 2 inhibitors (SGLT2i) showed antihyperglycemic

effect, and reduced all-cause mortality and cardiovascular mortality. GLP-1-RA had favorable
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effects on diabetic nephropathy.'®® SGLT2i have, besides glucose-lowering action, renoprotective
effects in diabetics, thereby reducing the rates of end-stage kidney disease and acute kidney

injury (AKI)*+1% and promoting cardioprotection in diabetics.1%¢ 167

Metabolic syndrome

MetS is a complex condition with metabolic risk factors, like abdominal obesity, atherogenic
dyslipidemia, high blood pressure, high plasma glucose, and a combination of prothrombotic
and proinflammatory factors. Patients with MetS have high risk of ASCVD and predominant risk
factors are abdominal obesity and diabetes. Therapy includes a combination of treatments for
high LDL-C, high blood pressure, and diabetes, and includes improvement of lifestyle.'®® Treatment
of the atherogenic dyslipidemia in patients with MetS reduces residual CVD risk that remains with
a statin. The authors advocated the use of fenofibrate that showed a 27% relative risk reduction
for cardiovascular events.*®® To prevent cardiovascular and renal events in patients with MetS the

newer glucose-lowering medications, SGLT2i and GLP-1-RA, were recommended.”°

Hypertension

Anti-hypertensive therapy, even if blood pressure is at target, has its own contribution in CVD risk,
as hypertensives on treatment had a higher risk of stroke than untreated individuals with normal
blood pressure.’’* But how low should the blood pressure be in treated hypertensive patients?
Yannoutsos et al. stated that “the concept of ‘the lower the better’ tends to be abandoned”. But
in 2010, the “J-curve concept” was still the subject of many studies and controversies.'’? In a
subanalysis of the PRIME trial, which involved patients treated with anti-hypertensive agents or
lipid-lowering agents, anti-hypertensive therapy at baseline was significantly associated with risk of
cardiovascular events, after adjusting for classic risk factors. It was concluded that patients who were
treated for hypertension had “sizable residual cardiovascular risk”, and deserved more efficient risk
reduction.'”*”® The range of success of anti-hypertensive therapy, studied in a multi-country survey,
was 32.1-47.5%, suggesting that “efficient risk reduction” is an effort to work on.> Apparently,
treatment of hypertension cannot completely reverse the sustained vascular damage (e.g., arterial
stiffness) as well as other cardiovascular morbid conditions (e.g., left ventricular hypertrophy). This
extra high residual CVD risk is best predicted by BNP and its inactive fragment NT-proBNP.7® Even in
treated hypertensive patients roughly 30% suffer from left ventricular hypertrophy (29%), diastolic
(21%) or systolic (6%) ventricular dysfunction, left atrial expansion (15%), and silent myocardial
ischemia (6%). In 13% of this group three or more of these abnormalities occur in combination.*”
Apparently, anti-hypertensive therapy does not alter all components of the underlying mechanisms
of hypertension that confer cardiovascular risk independent of blood pressure.’”” Current guidelines
therefore advise lifestyle changes, lipid-lowering therapy, antiplatelet therapy and fasting glucose

management depending on the risk profile of the patient.”®
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Obesity

There are several mechanisms by which obesity can increase the risk of CVD as it is associated
with an increased risk of hypertension, dyslipidemia, insulin resistance, T2DM, inflammation,
and oxidative stress.'’> 8 Already in 2007, Ryan et al. suggested the use of waist circumference
(WC) as a measure of abdominal obesity, instead of BMI.*®! Indeed, Dhaliwal et al. showed in a
cohort study with subjects with no previous diabetes, heart attack, or stroke that WC and waist-
to-hip ratio (WHR) both independently predicted cardiovascular deaths, whereas BMI did not
have any predictive value.'®* CRP, marker of inflammation, did not differ between the group that
experienced CVD and the group without CVD, suggesting that WC is independently associated
with CVD regardless of inflammation.’®® However, abdominal obesity was associated with
inflammation since adipose tissue was considered to generate inflammatory cytokines leading
to a higher inflammatory profile in obese individuals.’®® The case-control INTERHEART study
demonstrated that the population attributable risk (PAR) of acute MI was greater for abdominal
obesity than for diabetes or hypertension.’® Currently, bariatric surgery is one of the most
effective interventions to reduce obesity. New drugs to treat obesity and reduce risk of MACE are

semaglutide and tirzepatide.'®1&’

Chronic Kidney Disease

Individuals with CKD have a greater risk of CVD compared with the general population but have
largely been excluded from clinical trials. CKD patients on dialysis show little to no cardiovascular
benefit from lipid-lowering therapy and thus have exaggerated residual CVD risk. Probably
some of the residual risk in CKD patients is explained by changes in the level, composition, and
functionality of HDL, which may contribute to the excess risk of CVD.*®® Thus, therapy should be
aimed atimproving HDL function, possibly by targeting specific moieties within the HDL particle.*®
In patients with CKD elevated levels of VLDL-C and ApoB, and low levels of HDL-C and ApoA-I, are
associated with increased risk of ASCVD.*° In patients with combined CKD and atherosclerosis,
inflammation is a major predictor of residual CVD risk. Interestingly, in this CKD group elevated

levels of LDL-C were not associated with MACE and all-cause mortality.!*

Lifestyle behavior

Healthy lifestyle measures are important to recommend to patients with residual CHD risk,
particularly when there is hypertension, obesity, hyperlipidemia, and diabetes. The effectiveness of
imposed modifications of lifestyle measures should be assessed regularly, including blood pressure,
LDL-C, BMI (and/or WC), and plasma glucose. Physical activity, healthy nutrition, tobacco cessation,
alcohol moderation, and stress reduction, and weight loss play an important role in the management

of the patient with residual CHD, including prevention of new cardiovascular events.
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Diet

Chronic overnutrition and consequential visceral obesity is associated with a cluster of risk factors
for CVD and T2DM.**?> The PREDIMED study has demonstrated a 30% reduction in the risk of onset
of CVD in patients allocated to a Mediterranean diet as compared to patients with a low-fat diet.
Amar et al. suggested that the impact of the probiotic Mediterranean diet on the microbiome
causes the beneficial effects on CVD risk and should be considered in prevention of CVD.%% 19
The effect of diet on the microbiome in relationship to CVD has gained more interest over the
years. Future research on microbially produced metabolites may lead to new ways to improve
cardiovascular health.*®® Intermittent fasting and variations of it, such as the fasting-mimicking
diet, have been linked to improvements in CVD risk markers, including BMI, blood pressure,
cholesterol, TG, and CRP.**

Inactivity

Although the beneficial effects of physical activity on primary and secondary prevention of CVD
have been well known for decades, exercise recommendations by clinicians are generally not
followed at all or only followed for a brief time. Physical activity has been shown to significantly
increase HDL concentration and HDL particle size as well as decrease sdLDL, LDL-C, VLDL and
TG.19% 1% |n addition, physical activity correlates with lower incidence of CVD up to 50%.%¢
Furthermore, an inverse relationship between the frequency and intensity of physical activity
and all-cause mortality has been observed.’® Combination between caloric restrictive diet and
physical exercise demonstrated an independent role for physical exercise in lowering LDL particle

number and increasing LDL particle size and HDL particle size.*”

Smoking

In the INTERHEART study, a case-control study that examined the contribution of various
cardiometabolic risk factors to the risk of AMI, showed that the PAR of AMI was greatest for
dyslipidemia and smoking.’® Another study that estimated the benefit of meeting guideline-
recommended targets showed that smoking cessation in a group of 55 patients with acute
ischemic stroke led to an absolute 10-year risk reduction of 14% with a median increase of 3.4

CVD-free life years.'%

Unmodifiable risk factors or risks

Unmodifiable risk factors such as age, gender, and genetics contribute to the overall cardiovascular
risk. Despite advances in medical treatment and lifestyle modification, the remaining residual

CVD risk highlights the need for ongoing research to explore new strategies.
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Women'’s burden of CVD

Women have often been neglected in medical research and have not received adequate

representation, recognition, diagnosis, or treatment in various fields, including cardiology.

Understudied

The underdiagnosis of CVD in women is partially due to their underrepresentation in clinical trials.
This is due to several factors, including an older age of presentation of CVD than men. Thus,
women may not meet the age requirements for clinical trials, and women may have a higher
reluctance to participate.’® This has resulted in a significant gender imbalance in clinical trial
populations. For instance, recent trials such as ODYSSEY OUTCOMES, FOURIER, and IMPROVE-
IT, which focused on dyslipidemic patients with CVD, had a study population that was only 25%

female, despite women accounting for 49% of the clinical hyperlipidemic population.>®

Underrecognized

Women have both biological risk factors specific to their sex and additional risk factors related to
their gender that increase the risk of CVD. Risk factors related to stress, such as depression, poor
socioeconomic status, and partner violence, are more prevalent in women and result in an increased
CVD risk.’ For example, depression is two-fold more prevalent in women than in men and is strongly
associated with IHD.?** Biologically driven risk factors specific to women such as preterm delivery,
gestational diabetes, gestational hypertension, premature menopause, and polycystic ovary syndrome
(PCOS) are all risk factors contributing to the cardiovascular burden in women.?? In addition, the
predictive value of CVD risk factors differs between women and men. For instance, hypertension and

diabetes have a stronger predictive value for CAD risk in women than in men.2

Underdiagnosed

Specific risk factors contribute to underdiagnosis of CVD in women. For example, the different
presentation of ACS symptoms leads to a higher risk of death compared to patients who experience
chest pain. This atypical presentation of symptoms for ACS is more prevalent in women than in
men, resulting in a higher mortality rate in women. On top of that, even when both men and
women show no symptoms of chest pain, women still face a higher mortality risk compared to

men in similar circumstances.?

Undertreated

Once women have been diagnosed with CVD, they are less likely to receive appropriate treatment

according to clinical guidelines. For example, they are prescribed a lower dose of medical therapy
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compared to that recommended by guidelines.?®* The disparity between women and men in terms
of cardiovascular health outcome is caused by a combination of factors, including presenting CVD
at an older age, longer pre-hospital delays, lower rates of guideline adherence, socioeconomic

and cultural disadvantages, and biological differences specific to women.

Age

Berry et al. conducted a meta-analysis using data from eighteen cohort studies involving black
and white men and women whose risk factors for CVD were measured at the ages of 45, 55, 65,
and 75 years. They observed marked differences in the lifetime risks of CVD across risk factor

strata, and whatever the risk factor the risk of each group was evidently dependent of age.?®®

Ethnicity

The risk of developing CVD varies among different ethnicities, with the highest risk being found in
individuals of sub-Saharan African, Chinese, and Southeast Asian descent.?** Well-established risk
factors mostly reflect this increased risk in these populations, such as lower HDL-C levels and higher
TG levels in South Asians. In contrast, the levels of LDL-C and ApoB are similar across different
ethnic groups. However, OxPL-ApoB is more prevalent in African Americans than in Caucasians or
Hispanics.™ Lp(a) shows the greatest variability between ethnic groups, with African descendants
having twice the levels of Lp(a) compared to Caucasians. Interestingly, elevated levels of Lp(a) are
not associated with subclinical calcific aortic valve disease in Hispanics, or Chinese individuals,

while this association is seen in individuals of European and African descents.?%*

DISCUSSION

We described a variety of risk factors contributing to residual CVD risk. It is evident that it isimpossible
to treat all these risk factors in every individual to limit residual CVD risk. Current clinical practice
operates in a fragmented way, with sometimes too little interaction between clinicians, general
practitioners, dieticians, and the patient involved. The transition towards the implementation of
pro-active P5 medicine, which encompasses Predictive, Preventive, Personalized, Participatory,
and Psycho-cognitive approaches, should be the optimal course of action at population and
individual level.?%> 2 Instead of a “one-size-fits-all” approach, health care is slowly moving towards
a personalized medicine strategy.?”” Thus, to determine the individual’s risk of CVD, one needs
biologically meaningful biomarkers that describe the (patho)physiological state of that individual
in terms of cardiovascular risk prediction. For example, traditional lipid parameters are not refined
enough to describe the lipid metabolic state of an individual. Apolipoproteins are emerging
biologically meaningful biomarkers that show a more refined picture of the different mechanisms

involved in lipid metabolism of an individual than traditional lipids. For example, ApoB is part of all
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atherogenic lipoproteins and its concentration in serum is superior to that of LDL-C and non-HDL-C
in predicting cardiovascular events in ACS patients.?’® ApoA-l is part of, but not restricted to, HDL,
and ApoC-l, ApoC-Il, and ApoC-lll in VLDL, IDL and remnant lipoproteins tend to regulate delipidation
of several lipoproteins. Also, Ruhaak et al. reported in 2019 that “measurement of apolipoproteins
in atherogenic particles is more biologically meaningful than the measurement of the cholesterol
concentration contained in these particles”.*®* We need to move towards an overall health profile to
predict the cardiovascular risk of a patient rather than looking at individual markers. The current lipid
panel is too limited to capture the full complexity of lipid metabolism in patients with dyslipidemia.”
Prevention is undoubtedly the most effective strategy for the individual’s health, as well as for
mitigating the escalating costs of healthcare by avoiding expensive interventions. In today’s practice,
however, we notice that T2DM and obesity are gaining widespread prevalence, and that the ban
on smoking is circumvented by the popularity of the e-cigarette. At ages older than 50 years the
practice of exercise is becoming increasingly sparse. What we need is a more refined approach,
including biomarkers, lifestyle advice, family history of CVD, and treatment of comorbidity, that
allows personalized medical decision making based on individual patient characteristics. Attention
to gain consciousness of the patient regarding his/her own health care is essential. For example, the
patient should take responsibility in respect of adherence to primary and secondary prevention,
including lifestyle improvements, as advised by clinicians and other caretakers. However, the
patient should be supported in this. For instance, governments should devise policies to mitigate
the current obesity epidemic and some efforts have shown promising results.?*!* Psycho-cognitive
factors come into play as well, as each patient is unique, not only in terms of biology, but also
regarding habits, behaviors, personality, and cognitive dispositions. The patient should undergo
a transition from passive bystander to engaged stakeholder, being actively involved in the clinical
decision making regarding his/her own health. One of the worrying factors here is the fact that
although each person is to be treated on an individual basis, the therapy guidelines are created on

the basis of average results from RCTs compiled from groups.

Digital medicine can aid to move forward towards P5 medicine, in terms of prediction through
the collection of big data and artificial intelligence (Al), prevention through monitoring of patient
characteristics, and personalized and participatory by involving the individual patient when
carrying wearable devices, for example. In our view, digital medicine can be helpful in early
diagnosis and monitoring of CVD and thereby reducing residual CVD risk. For example, digital
wearables like commercially available smartwatches are already useful in cardiovascular risk
assessment, prevention, diagnosis, and management.?> 2!* As mentioned before, adherence to
lifestyle changes has been reported to be challenging. Wearables can be of great value in this area
as they can monitor inactivity and give motivational targeted feedback, placing the patient in the
lead of his/her own health, and may result in a higher adherence to lifestyle changes resulting in

a reduced residual risk. However, robust evidence has yet to be gathered in prospective clinical
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trials. In addition, wearable technology will greatly enhance the amount of data collected from
large populations, enabling the use of big data and Al in precision medicine. Advantages of big
data and Al are the opportunity to examine properties of specific groups, such as minorities,
without the presence of systematic biases, leading to fair algorithms.?®* The current clinical
practice is compartmentalized, with healthcare professionals excelling in their respective areas
of specialization. Nonetheless, enhancing patient outcomes requires dismantling this siloed
approach of working, allowing healthcare professionals to engage in effective communication
with both the patient and each other, making the patient the central focus (Figure 1). Supported
by laboratory diagnostic professionals, clinical decision support systems, lifestyle coaching, and

Al, we can address residual CVD risk and make significant progress towards improved patient care.
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Figure 1: Future clinical practice with the patient centralized and an integral approach between health care
professionals. CKD; chronic kidney disease, FH; familial hypercholesterolemia
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Can residual risk be eliminated?

While significant progress has been made in reducing the traditional risk factors, emerging
risk factors such as Lp(a), inflammation, genetic factors, and psychosocial factors continue to
contribute to residual risk. As we gain more knowledge, addressing cardiovascular risk becomes
increasingly complex, as it involves a multifaceted interplay of various risk factors, including novel
risk factors (Figure 2). Even with treatment of all known risk factors, eliminating residual CVD risk
is impossible. Shapiro et al. distinguished that only a part of the risk has been treated, the rest
being the “traditional residual risk” that could be divided into the “real” residual risk (that awaits

further therapy) and the “unmodifiable” risk, which is the risk we cannot eliminate.?*
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Figure 2: Risk factors contributing to cardiovascular risk. Risk factors highlighted in pink were discussed
in this review, the ones not discussed in the review but identified through literature search are shown in
soft orange. The risk factors considered in clinical risk assessment based on SCORE are depicted with red
borders.?*> Apo; apolipoprotein, ADP; adenosine diphosphate, CKD; chronic kidney disease, HDL; high-density
lipoprotein, hsCRP; high sensitivity c-reactive protein, ICAM; intercellular adhesion molecules, IL; interleukin,
LDL; low-density lipoprotein, MetS; metabolic syndrome, MMP-12; metalloproteinase-12, NLRP3; nucleotide-
binding leucine-rich repeat receptor family pyrin domain containing 3, OxPL; oxidized phospholipids, PLA2;
phospholipase A2, sdLDL; small dense LDL, TG; triglycerides, TGRL; triglyceride-rich lipoprotein, VCAM-1;
vascular cell adhesion protein 1.
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CONCLUSION

Residual CVD risk cannot be eliminated completely. Nevertheless, to diminish residual CVD risk
and improve patient management, a paradigm shift from a reductionistic approach towards a
holistic approach is necessary. This requires the involvement of laboratory specialists to enable
precision diagnostics as a fundament for precision medicine.?*®* Moving towards P5 medicine for
each individual patient, a personalized treatment dependent on their CVD risk and respective
lipid profile should be configured. A head-start can be conducted by measuring Lp(a) once in a
lifetime?” and ApoB instead of LDL-C in case of aggressive lipid-lowering therapy?, whereas the
measurement of other lipoproteins and apolipoproteins offers the opportunity to molecularly
define the (patho)biological profile enabling more precise indications for targeted treatment
strategies.?’®?2° For example, promising results have been demonstrated with ASOs targeted at
ApoC-I11.8> % Finally, whereas the empowered patient should take the lead in CVD prevention
through lifestyle modification, a patient prone to CVD needs effective medical care and a
comprehensive multidisciplinary approach becomes imperative. The latter approach necessitates
the collaboration of a diverse range of healthcare professionals, who contribute with their

specialized knowledge and expertise to ensure optimal patient care.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the absence of any commercial or

financial relationships that could be construed as a potential conflict of interest.

AUTHOR CONTRIBUTIONS

All authors contributed to the conception of this review. Literature research was performed by
E. Reijnders, and prof. dr. A. van der Laarse. The first draft of the manuscript was written by E.
Reijnders and prof. dr. A. van der Laarse and all authors commented on previous versions of the

manuscript. All authors read and approved the final manuscript.

ACKNOWLEDGMENTS

The authors would like to thank Jan Schoones (Leiden University Medical Center, Leiden, The
Netherlands) for his assistance in setting up the search strategy for this review and dr. Renee

Ruhaak for her excellent feedback.

36



Residual Cardiovascular Risk

REFERENCES

1.

10.

11.
12.

13.

14.

15.

Beaumont V, Lemort N, Doucet F and Beaumont JL. Residual vascular risk of discontinued oral
contraception. Role of antibodies to synthetic sex hormones. Atherosclerosis. 1985;58:243-59.

Libby P. The forgotten majority: unfinished business in cardiovascular risk reduction. J Am Coll Cardiol.
2005;46:1225-8.

Fruchart JC, Davignon J, Hermans MP, Al-Rubeaan K, Amarenco P, Assmann G, Barter P, Betteridge J,
Bruckert E, Cuevas A, Farnier M, Ferrannini E, Fioretto P, Genest J, Ginsberg HN, Gotto AM, Jr., Hu D,
Kadowaki T, Kodama T, Krempf M, Matsuzawa Y, Nufiez-Cortés JM, Monfil CC, Ogawa H, Plutzky J, Rader
DJ, Sadikot S, Santos RD, Shlyakhto E, Sritara P, Sy R, Tall A, Tan CE, Tokg6zoglu L, Toth PP, Valensi P,
Wanner C, Zambon A, Zhu J and Zimmet P. Residual macrovascular risk in 2013: what have we learned?
Cardiovasc Diabetol. 2014;13:26.

Ferrari R, Aguiar C, Alegria E, Bonadonna RC, Cosentino F, Elisaf M, Farnier M, Ferrieres J, Filardi PP,
Hancu N, Kayikcioglu M, Mello e Silva A, Millan J, Reiner Z, Tokgozoglu L, Valensi P, Viigimaa M, Vrablik M,
Zambon A, Zamorano JL and Catapano AL. Current practice in identifying and treating cardiovascular risk,
with a focus on residual risk associated with atherogenic dyslipidaemia. Eur Heart J Suppl. 2016;18:C2-
C12.

Banegas JR, Lépez-Garcia E, Dallongeville J, Guallar E, Halcox JP, Borghi C, Massdé-Gonzalez EL, Jiménez
FJ, Perk J, Steg PG, De Backer G and Rodriguez-Artalejo F. Achievement of treatment goals for primary
prevention of cardiovascular disease in clinical practice across Europe: the EURIKA study. Eur Heart J.
2011;32:2143-52.

Randomised trial of cholesterol lowering in 4444 patients with coronary heart disease: the Scandinavian
Simvastatin Survival Study (4S). Lancet. 1994;344:1383-9.

Fernandez-Cidon B, Candas-Estébanez B, Ribalta J, Rock E, Guardiola-Guionnet M, Amigé N, Padré-
Miquel A, Alia-Ramos P and Pint6-Sala X. Precipitated sdLDL: An easy method to estimate LDL particle
size. J Clin Lab Anal. 2020;34:e23282.

Fernandez-Cidén B, Candas-Estébanez B, Gil-Serret M, Amigé N, Corbella E, Rodriguez-Sanchez MA,
Padré-Miquel A, Brotons C, Hernandez-Mijares A, Calmarza P, Jarauta E, Brea AJ, Mauri M, Guijarro
C, Vila A, Valdivielso P, Corbella X and Pinté X. Physicochemical Properties of Lipoproteins Assessed by
Nuclear Magnetic Resonance as a Predictor of Premature Cardiovascular Disease. PRESARV-SEA Study. J
Clin Med. 2021;10:1379.

Zhang J and He L. Relationship between small dense low density lipoprotein and cardiovascular events
in patients with acute coronary syndrome undergoing percutaneous coronary intervention. BMC
Cardiovasc Disord. 2021;21:169.

Fruchart JC, Sacks F, Hermans MP, Assmann G, Brown WYV, Ceska R, Chapman MJ, Dodson PM, Fioretto P,
Ginsberg HN, Kadowaki T, Lablanche JM, Marx N, Plutzky J, Reiner Z, Rosenson RS, Staels B, Stock JK, Sy
R, Wanner C, Zambon A and Zimmet P. The Residual Risk Reduction Initiative: a call to action to reduce
residual vascular risk in patients with dyslipidemia. Am J Cardiol. 2008;102:1k-34k.

Sniderman A. Targets for LDL-lowering therapy. Curr Opin Lipidol. 2009;20:282-7.

Behbodikhah J, Ahmed S, Elyasi A, Kasselman LJ, De Leon J, Glass AD and Reiss AB. Apolipoprotein B and
Cardiovascular Disease: Biomarker and Potential Therapeutic Target. Metabolites. 2021;11:690.

Jacobson TA. Opening a new lipid “apo-thecary”: incorporating apolipoproteins as potential risk factors
and treatment targets to reduce cardiovascular risk. Mayo Clin Proc. 2011;86:762-80.

Langlois MR and Sniderman AD. Non-HDL Cholesterol or apoB: Which to Prefer as a Target for the
Prevention of Atherosclerotic Cardiovascular Disease? Curr Cardiol Rep. 2020;22:67.

Mangalmurti SS and Davidson MH. The incremental value of lipids and inflammatory biomarkers in
determining residual cardiovascular risk. Curr Atheroscler Rep. 2011;13:373-80.

37




Chapter 1

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

38

Ramjee V, Sperling LS and Jacobson TA. Non-high-density lipoprotein cholesterol versus apolipoprotein
B in cardiovascular risk stratification: do the math. J Am Coll Cardiol. 2011;58:457-63.

Cobbaert CM, Althaus H, Begcevic Brkovic I, Ceglarek U, Coassin S, Delatour V, Deprez L, Dikaios I,
Dittrich J, Hoofnagle AN, Kostner GM, Kronenberg F, Kuklenyik Z, Prinzing U, Vesper HW, Zegers | and
Ruhaak LR. Towards an Sl-Traceable Reference Measurement System for Seven Serum Apolipoproteins
Using Bottom-Up Quantitative Proteomics: Conceptual Approach Enabled by Cross-Disciplinary/Cross-
Sector Collaboration. Clin Chem. 2021;67:478-489.

Ruhaak LR, van der Laarse A and Cobbaert CM. Apolipoprotein profiling as a personalized approach to
the diagnosis and treatment of dyslipidaemia. Ann Clin Biochem. 2019;56:338-356.

Besseling J, Hovingh GK and Stroes ES. Antisense oligonucleotides in the treatment of lipid disorders:
pitfalls and promises. Neth J Med. 2013;71:118-22.

Ahn CH and Choi SH. New drugs for treating dyslipidemia: beyond statins. Diabetes Metab J. 2015;39:87-
94.

Kostapanos MS, Rizos EC, Papanas N, Maltezos E and Elisaf MS. Mitochondrial triglyceride transfer
protein inhibition: new achievements in the treatment of dyslipidemias. Curr Pharm Des. 2013;19:3150-
60.

Cuchel M, Meagher EA, du Toit Theron H, Blom DJ, Marais AD, Hegele RA, Averna MR, Sirtori CR, Shah
PK, Gaudet D, Stefanutti C, Vigna GB, Du Plessis AM, Propert KJ, Sasiela WJ, Bloedon LT and Rader DJ.
Efficacy and safety of a microsomal triglyceride transfer protein inhibitor in patients with homozygous
familial hypercholesterolaemia: a single-arm, open-label, phase 3 study. Lancet. 2013;381:40-6.

Taylor AJ, Sullenberger LE, Lee HJ, Lee JK and Grace KA. Arterial Biology for the Investigation of the
Treatment Effects of Reducing Cholesterol (ARBITER) 2: a double-blind, placebo-controlled study of
extended-release niacin on atherosclerosis progression in secondary prevention patients treated with
statins. Circulation. 2004;110:3512-7.

McKenney JM, Davidson MH, Shear CL and Revkin JH. Efficacy and safety of torcetrapib, a novel
cholesteryl ester transfer protein inhibitor, in individuals with below-average high-density lipoprotein
cholesterol levels on a background of atorvastatin. J Am Coll Cardiol. 2006;48:1782-90.

Hausenloy DJ and Yellon DM. Targeting residual cardiovascular risk: raising high-density lipoprotein
cholesterol levels. Postgrad Med J. 2008;84:590-8.

Hausenloy DJ and Yellon DM. Targeting residual cardiovascular risk: raising high-density lipoprotein
cholesterol levels. Heart. 2008;94:706-14.

Toth PP. Reducing cardiovascular risk by targeting high-density lipoprotein cholesterol. Curr Atheroscler
Rep. 2007;9:81-8.

P6ss J, Bohm M and Laufs U. [HDL and CETP in atherogenesis]. Dtsch Med Wochenschr. 2010;135:188-92.
Ridker PM, Genest J, Boekholdt SM, Libby P, Gotto AM, Nordestgaard BG, Mora S, MacFadyen JG, Glynn
RJ and Kastelein JJ. HDL cholesterol and residual risk of first cardiovascular events after treatment with
potent statin therapy: an analysis from the JUPITER trial. Lancet. 2010;376:333-9.

Wanner C and Krane V. Recent advances in the treatment of atherogenic dyslipidemia in type 2 diabetes
mellitus. Kidney Blood Press Res. 2011;34:209-17.

Wen C and Xu H. The new strategy for modulating dyslipidemia: consideration from updated
understanding on high-density lipoprotein. Chin J Integr Med. 2011;17:467-70.

Boden WE, Probstfield JL, Anderson T, Chaitman BR, Desvignes-Nickens P, Koprowicz K, McBride R, Teo K
and Weintraub W. Niacin in Patients with Low HDL Cholesterol Levels Receiving Intensive Statin Therapy.
N Engl J Med. 2011;365:2255-2267.

Mureddu GF, Brandimarte F and De Luca L. High-density lipoprotein levels and risk of cardiovascular
events: a review. J Cardiovasc Med (Hagerstown). 2012;13:575-86.



34,

35.

36.

37.

38.

39.

40.

41.
42.

43.

44,

45,
46.

47.

48.

49,

50.

51.

52.

53.

Residual Cardiovascular Risk

Ono K. Current concept of reverse cholesterol transport and novel strategy for atheroprotection. J
Cardiol. 2012;60:339-43.

Cho KH. The Current Status of Research on High-Density Lipoproteins (HDL): A Paradigm Shift from HDL
Quantity to HDL Quality and HDL Functionality. Int J Mol Sci. 2022;23:3967.

Degoma EM and Rader DJ. Novel HDL-directed pharmacotherapeutic strategies. Nat Rev Cardiol.
2011;8:266-77.

Kosmas CE, Martinez |, Sourlas A, Bouza KV, Campos FN, Torres V, Montan PD and Guzman E. High-
density lipoprotein (HDL) functionality and its relevance to atherosclerotic cardiovascular disease. Drugs
Context. 2018;7:212525.

Cho KH. The Current Status of Research on High-Density Lipoproteins (HDL): A Paradigm Shift from HDL
Quantity to HDL Quality and HDL Functionality. Int J Mol Sci. 2022;23.

Endo Y, Fujita M and lkewaki K. HDL Functions—Current Status and Future Perspectives. Biomolecules.
2023;13.

Bonilhal, Luchiari B, Nadruz W and Sposito AC. Very low HDL levels: clinical assessment and management.
Arch Endocrinol Metab. 2023;67:3-18.

Nicholls SJ. Apo A-lI Modulating Therapies. Curr Cardiol Rep. 2011;13:537-543.

Mehta A and Shapiro MD. Apolipoproteins in vascular biology and atherosclerotic disease. Nat Rev
Cardiol. 2022;19:168-179.

Nicholls SJ, Andrews J, Kastelein JJP, Merkely B, Nissen SE, Ray KK, Schwartz GG, Worthley SG, Keyserling C,
Dasseux J-L, Griffith L, Kim SW, Janssan A, Di Giovanni G, Pisaniello AD, Scherer DJ, Psaltis PJ and Butters J.
Effect of Serial Infusions of CER-001, a Pre-f High-Density Lipoprotein Mimetic, on Coronary Atherosclerosis
in Patients Following Acute Coronary Syndromes in the CER-001 Atherosclerosis Regression Acute Coronary
Syndrome Trial: A Randomized Clinical Trial. JAMA Cardiology. 2018;3:815-822.

Watts GF and Karpe F. Republished review: Triglycerides and atherogenic dyslipidaemia: extending
treatment beyond statins in the high-risk cardiovascular patient. Postgrad Med J. 2011;87:776-82.
Verges B. Role for fibrate therapy in diabetes: evidence before FIELD. Curr Opin Lipidol. 2005;16:648-51.
Stahel P, Xiao C, Hegele RA and Lewis GF. The Atherogenic Dyslipidemia Complex and Novel Approaches
to Cardiovascular Disease Prevention in Diabetes. Can J Cardiol. 2018;34:595-604.

Arca M, Montali A, Valiante S, Campagna F, Pigna G, Paoletti V, Antonini R, Barilla F, Tanzilli G, Vestri A
and Gaudio C. Usefulness of atherogenic dyslipidemia for predicting cardiovascular risk in patients with
angiographically defined coronary artery disease. Am J Cardiol. 2007;100:1511-6.

Wierzbicki AS, Kim EJ, Esan O and Ramachandran R. Hypertriglyceridaemia: an update. J Clin Pathol.
2022;75:798-806.

Ohmura H. Triglycerides as Residual Risk for Atherosclerotic Cardiovascular Disease. Circ J. 2019;83:969-
970.

Ambrosy AP, Malik Ul, Thomas RC, Parikh RV, Tan TC, Goh CH, Selby VN, Solomon MD, Avula HR,
Fitzpatrick JK and et al. Rationale and design of the pragmatic randomized trial of icosapent ethyl for
high cardiovascular risk adults (MITIGATE). Am Heart J. 2021;235:54-64.

Mason RP and Eckel RH. Mechanistic Insights from REDUCE-IT STRENGTHen the Case Against Triglyceride
Lowering as a Strategy for Cardiovascular Disease Risk Reduction. Am J Med. 2021;134:1085-1090.
Raposeiras-Roubin S, Rossellé X, Oliva B, Fernandez-Friera L, Mendiguren JM, Andrés V, Bueno H, Sanz
J, Martinez de Vega V, Abu-Assi E, Ifiiguez A, Fernandez-Ortiz A, Ibafiez B and Fuster V. Triglycerides and
Residual Atherosclerotic Risk. J Am Coll Cardiol. 2021;77:3031-3041.

Vrablik M and Ceska R. Treatment of hypertriglyceridemia: a review of current options. Physiol Res.
2015;64:5331-40.

39




Chapter 1

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

40

Sandesara PB, Virani SS, Fazio S and Shapiro MD. The Forgotten Lipids: Triglycerides, Remnant
Cholesterol, and Atherosclerotic Cardiovascular Disease Risk. Endocr Rev. 2019;40:537-557.

Farnier M. Update on the clinical utility of fenofibrate in mixed dyslipidemias: mechanisms of action and
rational prescribing. Vasc Health Risk Manag. 2008;4:991-1000.

Fruchart JC and Santos RD. SPPARM alpha: the Lazarus effect. Curr Opin Lipidol. 2019;30:419-427.

Sosale A, Saboo B and Sosale B. Saroglitazar for the treatment of hypertrig-lyceridemia in patients with
type 2 diabetes: current evidence. Diabetes Metab Syndr Obes. 2015;8:189-96.

Arai H, Yamashita S, Yokote K, Araki E, Suganami H and Ishibashi S. Efficacy and safety of K-877, a novel
selective peroxisome proliferator-activated receptor a modulator (SPPARMa), in combination with
statin treatment: Two randomised, double-blind, placebo-controlled clinical trials in patients with
dyslipidaemia. Atherosclerosis. 2017;261:144-152.

Das Pradhan A, Glynn RJ, Fruchart J-C, MacFadyen JG, Zaharris ES, Everett BM, Campbell SE, Oshima
R, Amarenco P, Blom DJ, Brinton EA, Eckel RH, Elam MB, Felicio JS, Ginsberg HN, Goudev A, Ishibashi S,
Joseph J, Kodama T, Koenig W, Leiter LA, Lorenzatti AJ, Mankovsky B, Marx N, Nordestgaard BG, Pall D,
Ray KK, Santos RD, Soran H, Susekov A, Tendera M, Yokote K, Paynter NP, Buring JE, Libby P and Ridker
PM. Triglyceride Lowering with Pemafibrate to Reduce Cardiovascular Risk. New England Journal of
Medicine. 2022;387:1923-1934.

Fruchart JC. Pemafibrate (K-877), a novel selective peroxisome proliferator-activated receptor alpha
modulator for management of atherogenic dyslipidaemia. Cardiovasc Diabetol. 2017;16:124.

Wierzbicki AS, Clarke RE, Viljoen A and Mikhailidis DP. Triglycerides: a case for treatment? Curr Opin
Cardiol. 2012;27:398-404.

Borow KM, Nelson JR and Mason RP. Biologic plausibility, cellular effects, and molecular mechanisms of
eicosapentaenoic acid (EPA) in atherosclerosis. Atherosclerosis. 2015;242:357-66.

Sperling LS and Nelson JR. History and future of omega-3 fatty acids in cardiovascular disease. Curr Med
Res Opin. 2016;32:301-11.

Crandell JR, Tartaglia C and Tartaglia J. Lipid effects of switching from prescription EPA+DHA (omega-
3-acid ethyl esters) to prescription EPA only (icosapent ethyl) in dyslipidemic patients. Postgrad Med.
2016;128:859-864.

Ridker PM, MacFadyen JG, Thuren T and Libby P. Residual inflammatory risk associated with interleukin-18
and interleukin-6 after successful interleukin-1p inhibition with canakinumab: further rationale for the
development of targeted anti-cytokine therapies for the treatment of atherothrombosis. Eur Heart J.
2020;41:2153-2163.

Boden WE, Bhatt DL, Toth PP, Ray KK, Chapman MJ and Liischer TF. Profound reductions in first and total
cardiovascular events with icosapent ethyl in the REDUCE-IT trial: why these results usher in a new era
in dyslipidaemia therapeutics. Eur Heart J. 2020;41:2304-2312.

Boden WE, Baum S, Toth PP, Fazio S and Bhatt DL. Impact of expanded FDA indication for icosapent ethyl
on enhanced cardiovascular residual risk reduction. Future Cardiol. 2021;17:155-174.

Baum SJ and Scholz KP. Rounding the corner on residual risk: Implications of REDUCE-IT for omega-3
polyunsaturated fatty acids treatment in secondary prevention of atherosclerotic cardiovascular
disease. Clin Cardiol. 2019;42:829-38.

Farnier M, Zeller M, Masson D and Cottin Y. Triglycerides and risk of atherosclerotic cardiovascular
disease: An update. Arch Cardiovasc Dis. 2021;114:132-139.

Patel PN, Patel SM and Bhatt DL. Cardiovascular risk reduction with icosapent ethyl. Curr Opin Cardiol.
2019;34:721-727.

Bays HE, Ballantyne CM, Doyle RT, Juliano RA and Philip S. Icosapent ethyl: Eicosapentaenoic acid
concentration and triglyceride-lowering effects across clinical studies. Prostaglandins & Other Lipid
Mediators. 2016;125:57-64.



72.

73.

74.

75.

76.

77.

78.

79.

80.
81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Residual Cardiovascular Risk

Domei T, Yokoi H, Kuramitsu S, Soga Y, Arita T, Ando K, Shirai S, Kondo K, Sakai K, Goya M, lwabuchi M,
Ueeda M and Nobuyoshi M. Ratio of serum n-3 to n-6 polyunsaturated fatty acids and the incidence
of major adverse cardiac events in patients undergoing percutaneous coronary intervention. Circ J.
2012;76:423-9.

Ganda OP, Bhatt DL, Mason RP, Miller M and Boden WE. Unmet Need for Adjunctive Dyslipidemia Therapy
in Hypertriglyceridemia Management. J Am Coll Cardiol. 2018;72:330-343.

Huet F, Roubille C and Roubille F. Is hypertriglyceridemia atherogenic? Curr Opin Lipidol. 2019;30:291-
299.

Zambon A, Pirillo A, Zambon S, Norata GD and Catapano AL. Omega n-3 Supplementation: Exploring the
Cardiovascular Benefits Beyond Lipoprotein Reduction. Curr Atheroscler Rep. 2020;22:74.

Mason RP, Libby P and Bhatt DL. Emerging Mechanisms of Cardiovascular Protection for the Omega-3
Fatty Acid Eicosapentaenoic Acid. Arterioscler Thromb Vasc Biol. 2020;40:1135-1147.

Grammer T, Kleber M, Silbernagel G, Scharnagl H and Méarz W. [Residual risk: The roles of triglycerides
and high density lipoproteins]. Dtsch Med Wochenschr. 2016;141:870-7.

Duran EK and Pradhan AD. Triglyceride-Rich Lipoprotein Remnants and Cardiovascular Disease. Clin
Chem. 2021;67:183-196.

Lawler PR, Akinkuolie AO, Chu AY, Shah SH, Kraus WE, Craig D, Padmanabhan L, Glynn RJ, Ridker
PM, Chasman DI and Mora S. Atherogenic Lipoprotein Determinants of Cardiovascular Disease and
Residual Risk Among Individuals With Low Low-Density Lipoprotein Cholesterol. / Am Heart Assoc.
2017;6:e005549.

Varbo A and Nordestgaard BG. Remnant lipoproteins. Curr Opin Lipidol. 2017;28:300-307.

Varbo A, Benn M, Tybjaerg-Hansen A and Nordestgaard BG. Elevated remnant cholesterol causes
both low-grade inflammation and ischemic heart disease, whereas elevated low-density lipoprotein
cholesterol causes ischemic heart disease without inflammation. Circulation. 2013;128:1298-309.

Jepsen AM, Langsted A, Varbo A, Bang LE, Kamstrup PR and Nordestgaard BG. Increased Remnant
Cholesterol Explains Part of Residual Risk of All-Cause Mortality in 5414 Patients with Ischemic Heart
Disease. Clinical chemistry. 2016;62:593-604.

Zhang K, Qi X, Zhu F, Dong Q, Gou Z, Wang F, Xiao L, Li M, Chen L, Wang Y, Zhang H, Sheng Y and Kong X.
Remnant cholesterol is associated with cardiovascular mortality. Front Cardiovasc Med. 2022;9:984711.
Masuda D, Sugimoto T, Tsujii K-i, Inagaki M, Nakatani K, Yuasa-Kawase M, Tsubakio-Yamamoto K, Ohama
T, Nishida M, Ishigami M, Kawamoto T, Matsuyama A, Sakai N, Komuro | and Yamashita S. Correlation of
fasting serum apolipoprotein B-48 with coronary artery disease prevalence. European Journal of Clinical
Investigation. 2012;42:992-999.

Lee CK, Liao CW, Meng SW, Wu WK, Chiang JY and Wu MS. Lipids and Lipoproteins in Health and Disease:
Focus on Targeting Atherosclerosis. Biomedicines. 2021;9:985.

Katzmann JL, Packard CJ, Chapman MJ, Katzmann | and Laufs U. Targeting RNA With
Antisense Oligonucleotides and Small Interfering RNA: JACC State-of-the-Art Review. J Am Coll Cardiol.
2020;76:563-579.

Vallejo-Vaz AJ, Corral P, Schreier L and Ray KK. Triglycerides and residual risk. Curr Opin Endocrinol
Diabetes Obes. 2020;27:95-103.

Akoumianakis I, Zvintzou E, Kypreos K and Filippatos TD. ANGPTL3 and Apolipoprotein C-lll as Novel
Lipid-Lowering Targets. Curr Atheroscler Rep. 2021;23:20.

Khan TZ, Schatz U, Bornstein SR and Barbir M. Hypertriglyceridaemia: contemporary management of a
neglected cardiovascular risk factor. Glob Cardiol Sci Pract. 2021;2021:€202119.

Chait A and Eckel RH. Lipids, Lipoproteins, and Cardiovascular Disease: Clinical Pharmacology Now and
in the Future. J Clin Endocrinol Metab. 2016;101:804-14.

41




Chapter 1

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

42

Ginsberg HN, Packard CJ, Chapman MJ, Borén J, Aguilar-Salinas CA, Averna M, Ference BA, Gaudet
D, Hegele RA, Kersten S, Lewis GF, Lichtenstein AH, Moulin P, Nordestgaard BG, Remaley AT, Staels B,
Stroes ESG, Taskinen MR, Tokgozoglu LS, Tybjaerg-Hansen A, Stock JK and Catapano AL. Triglyceride-rich
lipoproteins and their remnants: metabolic insights, role in atherosclerotic cardiovascular disease, and
emerging therapeutic strategies-a consensus statement from the European Atherosclerosis Society. Eur
Heart J. 2021;42:4791-4806.

Albers JJ, Slee A, O’Brien KD, Robinson JG, Kashyap ML, Kwiterovich PO, Jr., Xu P and Marcovina SM.
Relationship of apolipoproteins A-1 and B, and lipoprotein(a) to cardiovascular outcomes: the AIM-HIGH
trial (Atherothrombosis Intervention in Metabolic Syndrome with Low HDL/High Triglyceride and Impact
on Global Health Outcomes). J Am Coll Cardiol. 2013;62:1575-9.

Tsimikas S. The re-emergence of lipoprotein(a) in a broader clinical arena. Prog Cardiovasc Dis.
2016;59:135-144.

CaiA, LiL, ZhangY, Mo Y, Mai W and Zhou Y. Lipoprotein(a): a promising marker for residual cardiovascular
risk assessment. Dis Markers. 2013;35:551-9.

Khera AV, Everett BM, Caulfield MP, Hantash FM, Wohlgemuth J, Ridker PM and Mora S. Response to
letter regarding article, “lipoprotein(a) concentrations, rosuvastatin therapy, and residual vascular risk:
an analysis from the JUPITER trial (justification for the use of statins in prevention: an intervention trial
evaluating rosuvastatin)”. Circulation. 2014;130:e152.

Berman AN and Blankstein R. Optimizing Dyslipidemia Management for the Prevention of Cardiovascular
Disease: a Focus on Risk Assessment and Therapeutic Options. Curr Cardiol Rep. 2019;21:110.

Hoogeveen RC and Ballantyne CM. Residual Cardiovascular Risk at Low LDL: Remnants, Lipoprotein(a),
and Inflammation. Clin Chem. 2021;67:143-153.

Averna M and Stroes E. How to assess and manage cardiovascular risk associated with lipid alterations
beyond LDL. Atheroscler Suppl. 2017;26:16-24.

Tsimikas S, Gordts P, Nora C, Yeang C and Witztum JL. Statin therapy increases lipoprotein(a) levels. Eur
Heart J. 2020;41:2275-2284.

Boffa MB and Koschinsky ML. Oxidized phospholipids as a unifying theory for lipoprotein(a) and
cardiovascular disease. Nat Rev Cardiol. 2019;16:305-318.

Tsimikas S. A Test in Context: Lipoprotein(a): Diagnosis, Prognosis, Controversies, and Emerging
Therapies. J Am Coll Cardiol. 2017;69:692-711.

Jukema RA, Ahmed TAN and Tardif J-C. Does low-density lipoprotein cholesterol induce inflammation?
If so, does it matter? Current insights and future perspectives for novel therapies. BMC Medicine.
2019;17:197.

Dai W, Zhang Z and Zhao S. Baseline levels of serum high sensitivity C reactive protein and lipids in
predicting the residual risk of cardiovascular events in Chinese population with stable coronary artery
disease: a prospective cohort study. Lipids Health Dis. 2018;17:273.

Wensley F, Gao P, Burgess S, Kaptoge S, Di Angelantonio E, Shah T, Engert JC, Clarke R, Davey-Smith G,
Nordestgaard BG, Saleheen D, Samani NJ, Sandhu M, Anand S, Pepys MB, Smeeth L, Whittaker J, Casas JP,
Thompson SG, Hingorani AD and Danesh J. Association between C reactive protein and coronary heart
disease: mendelian randomisation analysis based on individual participant data. BMJ. 2011;342:d548.

Swerdlow DI, Holmes MV, Kuchenbaecker KB, Engmann JE, Shah T, Sofat R, Guo Y, Chung C, Peasey
A, Pfister R, Mooijaart SP, Ireland HA, Leusink M, Langenberg C, Li KW, Palmen J, Howard P, Cooper
JA, Drenos F, Hardy J, Nalls MA, Li YR, Lowe G, Stewart M, Bielinski SJ, Peto J, Timpson NJ, Gallacher J,
Dunlop M, Houlston R, Tomlinson I, Tzoulaki I, Luan J, Boer JM, Forouhi NG, Onland-Moret NC, van der
Schouw YT, Schnabel RB, Hubacek JA, Kubinova R, Baceviciene M, Tamosiunas A, Pajak A, Topor-Madry
R, Malyutina S, Baldassarre D, Sennblad B, Tremoli E, de Faire U, Ferrucci L, Bandenelli S, Tanaka T,
Meschia JF, Singleton A, Navis G, Mateo Leach |, Bakker SJ, Gansevoort RT, Ford |, Epstein SE, Burnett



106.

107.

108.

109.

110.

111.

112.
113.

114.

115.

116.

117.

118.

119.

Residual Cardiovascular Risk

MS, Devaney JM, Jukema JW, Westendorp RG, Jan de Borst G, van der Graaf Y, de Jong PA, Mailand-van
der Zee AH, Klungel OH, de Boer A, Doevendans PA, Stephens JW, Eaton CB, Robinson JG, Manson JE,
Fowkes FG, Frayling TM, Price JF, Whincup PH, Morris RW, Lawlor DA, Smith GD, Ben-Shlomo Y, Redline
S, Lange LA, Kumari M, Wareham NJ, Verschuren WM, Benjamin EJ, Whittaker JC, Hamsten A, Dudbridge
F, Delaney JA, Wong A, Kuh D, Hardy R, Castillo BA, Connolly JJ, van der Harst P, Brunner EJ, Marmot
MG, Wassel CL, Humphries SE, Talmud PJ, Kivimaki M, Asselbergs FW, Voevoda M, Bobak M, Pikhart H,
Wilson JG, Hakonarson H, Reiner AP, Keating BJ, Sattar N, Hingorani AD and Casas JP. The interleukin-6
receptor as a target for prevention of coronary heart disease: a mendelian randomisation analysis.
Lancet. 2012;379:1214-24.

Davidson MH, Ballantyne CM, Jacobson TA, Bittner VA, Braun LT, Brown AS, Brown WV, Cromwell WC,
Goldberg RB, McKenney JM, Remaley AT, Sniderman AD, Toth PP, Tsimikas S, Ziajka PE, Maki KC and
Dicklin MR. Clinical utility of inflammatory markers and advanced lipoprotein testing: advice from an
expert panel of lipid specialists. J Clin Lipidol. 2011;5:338-67.

Kones R. Rosuvastatin, inflammation, C-reactive protein, JUPITER, and primary prevention of
cardiovascular disease--a perspective. Drug Des Devel Ther. 2010;4:383-413.

Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM, Jr., Kastelein JJ, Koenig W, Libby P, Lorenzatti
AJ, MacFadyen JG, Nordestgaard BG, Shepherd J, Willerson JT and Glynn RJ. Rosuvastatin to prevent
vascular events in men and women with elevated C-reactive protein. N EnglJ Med. 2008;359:2195-207.

Puri R, Nissen SE, Libby P, Shao M, Ballantyne CM, Barter PJ, Chapman MJ, Erbel R, Raichlen JS, Uno
K, Kataoka Y and Nicholls SJ. C-reactive protein, but not low-density lipoprotein cholesterol levels,
associate with coronary atheroma regression and cardiovascular events after maximally intensive statin
therapy. Circulation. 2013;128:2395-403.

Ridker PM. Residual inflammatory risk: addressing the obverse side of the atherosclerosis prevention
coin. Eur Heart J. 2016;37:1720-2.

Ridker PM. From C-Reactive Protein to Interleukin-6 to Interleukin-1: Moving Upstream To Identify
Novel Targets for Atheroprotection. Circ Res. 2016;118:145-56.

Ridker PM. Canakinumab for Residual Inflammatory Risk. Eur Heart J. 2017;38:3545-3548.

Hafiane A and Daskalopoulou SS. Targeting the residual cardiovascular risk by specific anti-inflammatory
interventions as a therapeutic strategy in atherosclerosis. Pharmacol Res. 2022;178:106157.

Naranjo A, Sokka T, Descalzo MA, Calvo-Alén J, Hgrslev-Petersen K, Luukkainen RK, Combe B, Burmester
GR, Devlin J, Ferraccioli G, Morelli A, Hoekstra M, Majdan M, Sadkiewicz S, Belmonte M, Holmqvist
A-C, Choy E, Tunc R, Dimic A, Bergman M, Toloza S, Pincus T and the Q-RAG. Cardiovascular disease in
patients with rheumatoid arthritis: results from the QUEST-RA study. Arthritis Res Ther. 2008;10:R30.
Aday AW and Ridker PM. Targeting Residual Inflammatory Risk: A Shifting Paradigm for Atherosclerotic
Disease. Front Cardiovasc Med. 2019;6:16.

Ridker PM, Everett BM, Pradhan A, MacFadyen JG, Solomon DH, Zaharris E, Mam V, Hasan A, Rosenberg
Y, lturriaga E, Gupta M, Tsigoulis M, Verma S, Clearfield M, Libby P, Goldhaber Sz, Seagle R, Ofori C,
Saklayen M, Butman S, Singh N, Le May M, Bertrand O, Johnston J, Paynter NP and Glynn RJ. Low-Dose
Methotrexate for the Prevention of Atherosclerotic Events. N Engl J Med. 2018;380:752-762.

Ajala ON and Everett BM. Targeting Inflammation to Reduce Residual Cardiovascular Risk. Curr
Atheroscler Rep. 2020;22:66.

Kraler S, Wenzl FA and Lischer TF. Repurposing Colchicine to Combat Residual Cardiovascular Risk: The
LoDoCo?2 Trial. Eur J Clin Invest. 2020;50:e13424.

Ridker PM, Lei L, Ray KK, Ballantyne CM, Bradwin G and Rifai N. Effects of bempedoic acid on CRP, IL-6,
fibrinogen and lipoprotein(a) in patients with residual inflammatory risk: A secondary analysis of the
CLEAR harmony trial. J Clin Lipidol. 2023;17:297-302.

43




Chapter 1

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

44

Ridker PM, Devalaraja M, Baeres FMM, Engelmann MDM, Hovingh GK, Ivkovic M, Lo L, Kling D, Pergola
P, Raj D, Libby P and Davidson M. IL-6 inhibition with ziltivekimab in patients at high atherosclerotic risk
(RESCUE): a double-blind, randomised, placebo-controlled, phase 2 trial. Lancet. 2021;397:2060-2069.

Davidson M, Bowden CH and Day WW. Weight loss and cardiovascular risk reduction over 2 years with
controlled-release phentermine-topiramate. Journal of the American College of Cardiology Conference:
60th annual scientific session of the American College of Cardiology and i2 summit: innovation in
intervention, ACC11 New Orleans, USA. 2011;57:E545.

Koenig W. Treating residual cardiovascular risk: will lipoprotein-associated phospholipase A2 inhibition
live up to its promise? J Am Coll Cardiol. 2008;51:1642-4.

Macphee C, Benson GM, Shi Y and Zalewski A. Lipoprotein-associated phospholipase A2: a novel marker
of cardiovascular risk and potential therapeutic target. Expert Opin Investig Drugs. 2005;14:671-9.

Hassan M. STABILITY and SOLID-TIMI 52: Lipoprotein associated phospholipase A2 (Lp-PLA2) as a
biomarker or risk factor for cardiovascular diseases. Glob Cardiol Sci Pract. 2015;2015:6.

Passacquale G, Di Giosia P and Ferro A. The role of inflammatory biomarkers in developing targeted
cardiovascular therapies: lessons from the cardiovascular inflammation reduction trials. Cardiovasc Res.
2016;109:9-23.

Hamilton SJ and Watts GF. Atherogenic dyslipidemia and combination pharmacotherapy in diabetes:
recent clinical trials. Rev Diabet Stud. 2013;10:191-203.

Moss JW and Ramji DP. Cytokines: roles in atherosclerosis disease progression and potential therapeutic
targets. Future Med Chem. 2016;8:1317-30.

Kajikawa M and Higashi Y. Triglycerides and endothelial function: molecular biology to clinical
perspective. Curr Opin Lipidol. 2019;30:364-369.

Nakamura T, Uematsu M, Horikoshi T, Yoshizaki T, Kobayashi T, Saito Y, Watanabe Y, Nakamura K, Obata
JE and Kugiyama K. Improvement in Brachial Endothelial Vasomotor Function and Brachial-Ankle Pulse
Wave Velocity Reduces the Residual Risk for Cardiovascular Events after Optimal Medical Treatment in
Patients with Coronary Artery Disease. J Atheroscler Thromb. 2020;28:1133-1144.

Sidlow R, Lin AE, Gupta D, Bolton KL, Steensma DP, Levine RL, Ebert BL and Libby P. The Clinical Challenge
of Clonal Hematopoiesis, a Newly Recognized Cardiovascular Risk Factor. JAMA Cardiol. 2020;5:958-961.

Senguttuvan NB, Subramanian V, Venkatesan V, Muralidharan TR and Sankaranarayanan K. Clonal
hematopoiesis of indeterminate potential (CHIP) and cardiovascular diseases-an updated systematic
review. J Genet Eng Biotechnol. 2021;19:105.

Dhindsa DS, Sandesara PB, Shapiro MD and Wong ND. The Evolving Understanding and Approach to
Residual Cardiovascular Risk Management. Front Cardiovasc Med. 2020;7:88.

Gallone G, Baldetti L, Pagnesi M, Latib A, Colombo A, Libby P and Giannini F. Medical Therapy for
Long-Term Prevention of Atherothrombosis Following an Acute Coronary Syndrome. J Am Coll Cardiol.
2018;72:2886-2903.

Bonaca MP, Bhatt DL, Cohen M, Steg PG, Storey RF, Jensen EC, Magnani G, Bansilal S, Fish MP, Im K,
Bengtsson O, Ophuis TO, Budaj A, Theroux P, Ruda M, Hamm C, Goto S, Spinar J, Nicolau JC, Kiss RG,
Murphy SA, Wiviott SD, Held P, Braunwald E and Sabatine MS. Long-Term Use of Ticagrelor in Patients
with Prior Myocardial Infarction. N Engl J Med. 2015;372:1791-1800.

Rocca B, Rubboli A and Zaccardi F. Antithrombotic therapy and revascularisation strategies in people
with diabetes and coronary artery disease. Eur J Prev Cardiol. 2019;26:92-105.

Patrono C. Fighting residual cardiovascular risk in stable patients with atherosclerotic vascular disease:
COMPASS in context. Cardiovasc Res. 2017;113:e61-e63.



137.

138.

139.

140.

141.
142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Residual Cardiovascular Risk

Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back M, Benetos A, Biffi A, Boavida JM,
Capodanno D, Cosyns B, Crawford C, Davos CH, Desormais |, Di Angelantonio E, Franco OH, Halvorsen S,
Hobbs FDR, Hollander M, Jankowska EA, Michal M, Sacco S, Sattar N, Tokgozoglu L, Tonstad S, Tsioufis
KP, van Dis I, van Gelder IC, Wanner C and Williams B. 2021 ESC Guidelines on cardiovascular disease
prevention in clinical practice. Eur Heart J. 2021;42:3227-3337.

Mega JL, Braunwald E, Wiviott SD, Bassand JP, Bhatt DL, Bode C, Burton P, Cohen M, Cook-Bruns N, Fox
KA, Goto S, Murphy SA, Plotnikov AN, Schneider D, Sun X, Verheugt FW and Gibson CM. Rivaroxaban in
patients with a recent acute coronary syndrome. N Engl J Med. 2012;366:9-19.

Hoogeveen RM, Hanssen NMJ, Brouwer JR, Mosterd A, Tack CJ, Kroon AA, de Borst GJ, Ten Berg J, van
Trier T, van Lennep JR, Liem A, Serné E, Visseren FLJ, Cornel JH, Peters RIG, Jukema JW and Stroes ESG.
The challenge of choosing in cardiovascular risk management. Neth Heart J. 2022;30:47-57.

Zanchetti A. Bottom blood pressure or bottom cardiovascular risk? How far can cardiovascular risk be
reduced? J Hypertens. 2009;27:1509-20.

Erdmann E. Diabetes and cardiovascular risk markers. Curr Med Res Opin. 2005;21 Suppl 1:521-8.

Davidson MH and Yannicelli HD. New concepts in dyslipidemia in the metabolic syndrome and diabetes.
Metab Syndr Relat Disord. 2006;4:299-314.

Kalofoutis C, Piperi C, Kalofoutis A, Harris F, Phoenix D and Singh J. Type Il diabetes mellitus and
cardiovascular risk factors: Current therapeutic approaches. Exp Clin Cardiol. 2007;12:17-28.

Jones PH. Expert perspective: reducing cardiovascular risk in metabolic syndrome and type 2 diabetes
mellitus beyond low-density lipoprotein cholesterol lowering. Am J Cardiol. 2008;102:411-471.

Steinmetz A. Lipid-lowering therapy in patients with type 2 diabetes: the case for early intervention.
Diabetes Metab Res Rev. 2008;24:286-93.

Wierzbicki AS. Interpreting clinical trials of diabetic dyslipidaemia: new insights. Diabetes Obes Metab.
2009;11:261-70.

Steiner G. Fenofibrate for cardiovascular disease prevention in metabolic syndrome and type 2 diabetes
mellitus. Am J Cardiol. 2008;102:28I-33lI.

Tenenbaum A and Fisman EZ. “If it ain’t broke, don’t fix it”: a commentary on the positive-negative
results of the ACCORD Lipid study. Cardiovasc Diabetol. 2010;9:24.

Tandon N, Ali MK and Narayan KM. Pharmacologic prevention of microvascular and macrovascular
complications in diabetes mellitus: implications of the results of recent clinical trials in type 2 diabetes.
Am J Cardiovasc Drugs. 2012;12:7-22.

Fruchart JC, Sacks FM and Hermans MP. Implications of the ACCORD lipid study: perspective from the
Residual Risk Reduction Initiative (R(3)i). Curr Med Res Opin. 2010;26:1793-7.

Idris | and Al-Ubaidi F. Discordance between non-HDL cholesterol and LDL cholesterol levels in patients
with diabetes without previous cardiovascular events. Diabetes Metab. 2010;36:299-304.

Sampson UK, Fazio S and Linton MF. Residual cardiovascular risk despite optimal LDL cholesterol
reduction with statins: the evidence, etiology, and therapeutic challenges. Curr Atheroscler Rep.
2012;14:1-10.

Matikainen N and Taskinen MR. Management of dyslipidemias in the presence of the metabolic
syndrome or type 2 diabetes. Curr Cardiol Rep. 2012;14:721-31.

Standl E. Statins and beyond: concurrent strategies for prevention of cardiovascular disease in patients
with type 2 diabetes. Diab Vasc Dis Res. 2013;10:99-114.

Cho KI, Sakuma I, Sohn IS, Hayashi T, Shimada K and Koh KK. Best Treatment Strategies With Statins to
Maximize the Cardiometabolic Benefits. Circ J. 2018;82:937-943.

Bittner V. Implications for REDUCE IT in clinical practice. Prog Cardiovasc Dis. 2019;62:395-400.

45




Chapter 1

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

46

Xiao C, Dash S, Morgantini C, Hegele RA and Lewis GF. Pharmacological Targeting of the Atherogenic
Dyslipidemia Complex: The Next Frontier in CVD Prevention Beyond Lowering LDL Cholesterol. Diabetes.
2016;65:1767-78.

Nichols GA, Philip S, Reynolds K, Granowitz CB and Fazio S. Increased residual cardiovascular risk in
patients with diabetes and high versus normal triglycerides despite statin-controlled LDL cholesterol.
Diabetes Obes Metab. 2019;21:366-371.

Alexopoulos AS, Qamar A, Hutchins K, Crowley MJ, Batch BC and Guyton JR. Triglycerides: Emerging
Targets in Diabetes Care? Review of Moderate Hypertriglyceridemia in Diabetes. Curr Diab Rep.
2019;19:13.

Fan W, Philip S, Granowitz C, Toth PP and Wong ND. Residual Hypertriglyceridemia and Estimated
Atherosclerotic Cardiovascular Disease Risk by Statin Use in U.S. Adults With Diabetes: National Health
and Nutrition Examination Survey 2007-2014. Diabetes Care. 2019;42:2307-2314.

Nelson AJ, Navar AM, Mulder H, Wojdyla D, Philip S, Granowitz C, Peterson ED and Pagidipati NJ.
Association Between Triglycerides and Residual Cardiovascular Risk in Patients With Type 2 Diabetes
Mellitus and Established Cardiovascular Disease (From the Bypass Angioplasty Revascularization
Investigation 2 Diabetes [BARI 2D] Trial). Am J Cardiol. 2020;132:36-43.

Toth PP, Fazio S, Wong ND, Hull M and Nichols GA. Risk of cardiovascular events in patients with
hypertriglyceridaemia: A review of real-world evidence. Diabetes Obes Metab. 2020;22:279-289.

Stryker MD, Schulman-Marcus J and Sidhu MS. The Antidiabetic Armamentarium: Reducing the Residual
Cardiovascular Risk with HbA(1c(v))-Lowering Medications : Editorial to: “GLP-1 Receptor Agonists and
Cardiovascular Disease: A Meta-Analysis of Recent Cardiac Outcome Trials” by Jia X, Alam M, Ye Y et al.
Cardiovasc Drugs Ther. 2018;32:1-3.

Giorgino F, Vora J, Fenici P and Solini A. Renoprotection with SGLT2 inhibitors in type 2 diabetes over a
spectrum of cardiovascular and renal risk. Cardiovasc Diabetol. 2020;19:196.

Reid J, Rana K, Niman S, Sheikh-Ali M, Lewis T, Choksi RR and Goldfaden RF. Sodium-Glucose
Cotransporter-2 (SGLT-2) Inhibitors for Cardiovascular Disease Prevention. Am J Cardiovasc Drugs.
2020;20:419-429.

Giugliano D, Maiorino M, Bellastella G and Esposito K. The residual cardiorenal risk in type 2 diabetes.
Cardiovasc Diabetol. 2021;20:36.

Sarafidis P, Papadopoulos CE, Kamperidis V, Giannakoulas G and Doumas M. Cardiovascular Protection
With Sodium-Glucose Cotransporter-2 Inhibitors and Mineralocorticoid Receptor Antagonists in Chronic
Kidney Disease: A Milestone Achieved. Hypertension. 2021;77:1442-1455.

Spinler SA. Challenges associated with metabolic syndrome. Pharmacotherapy. 2006;26:209s-217s.

Hermans MP. Impact of Fenofibrate on Type 2 Diabetes Patients with Features of the Metabolic
Syndrome: Subgroup Analysis From FIELD. Curr Cardiol Rev. 2010;6:112-8.

Ahmad Ml and Shapiro MD. Preventing Diabetes and Atherosclerosis in the Cardiometabolic Syndrome.
Curr Atheroscler Rep. 2021;23:16.

Asayama K, Ohkubo T, Yoshida S, Suzuki K, Metoki H, Harada A, Murakami Y, Ohashi Y, Ueshima H and Imai
Y. Stroke risk and antihypertensive drug treatment in the general population: the Japan arteriosclerosis
longitudinal study. J Hypertens. 2009;27:357-64.

Yannoutsos A, Mourad JJ, Blacher J and Safar M. [Hypertension and cardiovascular risk: the J-curve
concept]. Praxis (Bern 1994). 2010;99:1335-41.

Blacher J, Evans A, Arveiler D, Amouyel P, Ferriéres J, Bingham A, Yarnell J, Haas B, Montaye M, Ruidavets
JB and Ducimetiére P. Residual cardiovascular risk in treated hypertension and hyperlipidaemia: the
PRIME Study. J Hum Hypertens. 2010;24:19-26.

Bobrie G. [Results from recent therapeutic trials in hypertension]. Rev Prat. 2010;60:629-31, 633-5.



175.
176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

Residual Cardiovascular Risk

Vanuzzo D. The epidemiological concept of residual risk. Intern Emerg Med. 2011;6 Suppl 1:45-51.

Chrysant SG. The Clinical Significance of N-terminal Pro-brain Natriuretic Peptide in Detecting the
Residual Cardiovascular Risk in Hypertension and Other Clinical Conditions and in Predicting Future
Cardiovascular Events. J Clin Hypertens (Greenwich). 2016;18:718-20.

Elijovich F, Kirabo A and Laffer CL. Hypothesis: Unrecognized actions of ENaC blockade in improving
refractory-resistant hypertension and residual cardiovascularrisk. IntJ Cardiol Hypertens. 2020;7:100048.

Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, Ramirez A, Schlaich M, Stergiou GS,
Tomaszewski M, Wainford RD, Williams B and Schutte AE. 2020 International Society of Hypertension
Global Hypertension Practice Guidelines. Hypertension. 2020;75:1334-1357.

Zahari Sham SY, Hanif E, Thambiah SC, Samsudin IN, Mohd Noor S, Osman M, Abdullah H and Mustaffa
K. High sensitivity C-reactive protein (hsCRP): Its relationship with metabolic syndrome and Framingham
Risk Score. Malays J Pathol. 2021;43:33-40.

Tenenbaum A and Fisman EZ. “The metabolic syndrome... is dead”: these reports are an exaggeration.
Cardiovasc Diabetol. 2011;10:11.

Ryan DH. The relationship among risk factor clustering, abdominal obesity, and residual risk for
cardiovascular events. Rev Cardiovasc Med. 2007;8:9-16.

Dhaliwal SS and Welborn TA. Central obesity and multivariable cardiovascular risk as assessed by the
Framingham prediction scores. Am J Cardiol. 2009;103:1403-7.

Afonso L, VeerannaV, Zalawadiya S, Ramesh K, Niraj A and Panaich S. Predictors of residual cardiovascular
risk in patients on statin therapy for primary prevention. Cardiology. 2011;119:187-90.

Billups KL, Miner MM, Wierzbicki AS and Jackson G. Gender-based cardiometabolic risk evaluation in
minority and non-minority men grading the evidence of non-traditional determinants of cardiovascular
risk. Int J Clin Pract. 2011;65:134-47.

McGowan BM, Houshmand-Oeregaard A, Laursen PN, Zeuthen N and Baker-Knight J. Impact of BMI and
comorbidities on efficacy of once-weekly semaglutide: Post hoc analyses of the STEP 1 randomized trial.
Obesity (Silver Spring). 2023;31:990-999.

Jastreboff AM, Aronne LJ, Ahmad NN, Wharton S, Connery L, Alves B, Kiyosue A, Zhang S, Liu B, Bunck
MC and Stefanski A. Tirzepatide Once Weekly for the Treatment of Obesity. N EnglJ Med. 2022;387:205-
216.

Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LF, Lingvay |, McGowan BM, Rosenstock J, Tran

MTD, Wadden TA, Wharton S, Yokote K, Zeuthen N and Kushner RF. Once-Weekly Semaglutide in Adults
with Overweight or Obesity. N Engl J Med. 2021;384:989-1002.

Kon V, Ikizler TA and Fazio S. Importance of high-density lipoprotein quality: evidence from chronic
kidney disease. Curr Opin Nephrol Hypertens. 2013;22:259-65.

Yamamoto S and Kon V. Chronic kidney disease induced dysfunction of high density lipoprotein. Clin Exp
Nephrol. 2014;18:251-4.

Bajaj A, Xie D, Cedillo-Couvert E, Charleston J, Chen J, Deo R, Feldman HI, Go AS, He J, Horwitz E, Kallem
R, Rahman M, Weir MR, Anderson AH and Rader D). Lipids, Apolipoproteins, and Risk of Atherosclerotic
Cardiovascular Disease in Persons With CKD. Am J Kidney Dis. 2019;73:827-836.

Ridker PM, Tuttle KR, Perkovic V, Libby P and MacFadyen JG. Inflammation drives residual risk in chronic
kidney disease: a CANTOS substudy. Eur Heart J. 2022;43:4832-4844.

Zambad SP, Munshi S, Dubey A, Gupta R, Busiello RA, Lanni A, Goglia F, Gupta RC, Chauthaiwale V and
Dutt C. TRC150094 attenuates progression of nontraditional cardiovascular risk factors associated with
obesity and type 2 diabetes in obese ZSF1 rats. Diabetes Metab Syndr Obes. 2011;4:5-16.

Amar J. Microbiota-Host Crosstalk: A Bridge Between Cardiovascular Risk Factors, Diet, and
Cardiovascular Disease. Am J Hypertens. 2018;31:941-944.

47




Chapter 1

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

48

Jones-O’Connor M and Natarajan P. Optimal Non-invasive Strategies to Reduce Recurrent Atherosclerotic
Cardiovascular Disease Risk. Curr Treat Options Cardiovasc Med. 2019;21:38.

Tang WHW, Backhed F, Landmesser U and Hazen SL. Intestinal Microbiota in Cardiovascular Health and
Disease: JACC State-of-the-Art Review. J Am Coll Cardiol. 2019;73:2089-2105.

Judge EP, Phelan D and O’Shea D. Beyond statin therapy: a review of the management of residual risk in
diabetes mellitus. J R Soc Med. 2010;103:357-62.

Chandra A and Rohatgi A. The role of advanced lipid testing in the prediction of cardiovascular disease.
Curr Atheroscler Rep. 2014;16:394.

Gynnild MN, Hageman SHJ, Dorresteijn JAN, Spigset O, Lydersen S, Wethal T, Saltvedt I, Visseren FLJ
and Ellekjeer H. Risk Stratification in Patients with Ischemic Stroke and Residual Cardiovascular Risk with
Current Secondary Prevention. Clin Epidemiol. 2021;13:813-823.

Mosca L, Navar AM and Wenger NK. Reducing Cardiovascular Disease Risk in Women Beyond Statin
Therapy: New Insights 2020. J Womens Health (Larchmt). 2020;29:1091-1100.

Sharma J, McAlister J, Aggarwal NR, Wei J, Mehta PK, Quesada O, Mattina D, Scott NS, Michos ED,
Mahmoud Z, Kurrelmeyer K, Moraes De Oliveira GM and Lindley KJ. Evaluation and management of
blood lipids through a woman'’s life cycle. Am J Prev Cardiol. 2022;10:100333.

Manfrini O, Cenko E and Bugiardini R. Gender Differences in Residual Risk Factors for Major Adverse
Cardiovascular Events Following ACS and How to Bridge the Gap. Curr Atheroscler Rep. 2020;22:65.

Vogel B, Acevedo M, Appelman Y, Bairey Merz CN, Chieffo A, Figtree GA, Guerrero M, Kunadian V, Lam
CSP, Maas A, Mihailidou AS, Olszanecka A, Poole JE, Saldarriaga C, Saw J, Ziihlke L and Mehran R. The
Lancet women and cardiovascular disease Commission: reducing the global burden by 2030. Lancet.
2021;397:2385-2438.

Berry JD, Dyer A, Cai X, Garside DB, Ning H, Thomas A, Greenland P, Van Horn L, Tracy RP and Lloyd-Jones
DM. Lifetime Risks of Cardiovascular Disease. N Engl J Med. 2012;366:321-329.

Gazzola K, Reeskamp L and van den Born BJ. Ethnicity, lipids and cardiovascular disease. Curr Opin
Lipidol. 2017;28:225-230.

Hood L. Systems biology and p4 medicine: past, present, and future. Rambam Maimonides Med J.
2013;4:e0012-e0012.

Pravettoni G and Gorini A. A P5 cancer medicine approach: why personalized medicine cannot ignore
psychology. J Eval Clin Pract. 2011;17:594-6.

Matsuura Y, Kanter JE and Bornfeldt KE. Highlighting Residual Atherosclerotic Cardiovascular Disease
Risk. Arterioscler Thromb Vasc Biol. 2019;39:e1-e9.

Hagstrom E, Steg PG, Szarek M, Bhatt DL, Bittner VA, Danchin N, Diaz R, Goodman SG, Harrington RA,
Jukema JW, Liberopoulos E, Marx N, McGinniss J, Manvelian G, Pordy R, Scemama M, White HD, Zeiher
AM and Schwartz GG. Apolipoprotein B, Residual Cardiovascular Risk After Acute Coronary Syndrome,
and Effects of Alirocumab. Circulation. 2022;146:657-672.

Stuber JM and Mackenbach JD. [Promising governmental policies to prevent obesity]. Ned Tijdschr
Geneeskd. 2023;167:D7366.

Thomas C, Breeze P, Cummins S, Cornelsen L, Yau A and Brennan A. The health, cost and equity impacts
of restrictions on the advertisement of high fat, salt and sugar products across the transport for London
network: a health economic modelling study. Int J Behav Nutr Phys Act. 2022;19:93.

Yau A, Berger N, Law C, Cornelsen L, Greener R, Adams J, Boyland EJ, Burgoine T, de Vocht F, Egan
M, Er V, Lake AA, Lock K, Mytton O, Petticrew M, Thompson C, White M and Cummins S. Changes in
household food and drink purchases following restrictions on the advertisement of high fat, salt, and
sugar products across the Transport for London network: A controlled interrupted time series analysis.
PLoS Med. 2022;19:e1003915.



212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

Residual Cardiovascular Risk

Khurshid S, Weng L-C, Al-Alusi MA, Halford JL, Haimovich JS, Benjamin EJ, Trinquart L, Ellinor PT,
McManus DD and Lubitz SA. Accelerometer-derived physical activity and risk of atrial fibrillation. Eur
Heart J. 2021;42:2472-2483.

Vardas PE, Asselbergs FW, van Smeden M and Friedman P. The year in cardiovascular medicine 2021:
digital health and innovation. Eur Heart J. 2022;43:271-279.

Shapiro MD and Fazio S. Biologic bases of residual risk of cardiovascular events: A flawed concept. Eur J
Prev Cardiol. 2018;25:1831-1835.

SCORE2 working group ESC Cardiovascular risk collaboration, SCORE2 risk prediction algorithms: new
models to estimate 10-year risk of cardiovascular disease in Europe. Eur Heart J. 2021;42:2439-2454.

Cobbaert CM. Implementing cardiovascular precision diagnostics: laboratory specialists as catalysts?
Ann Clin Biochem. 2023;60:151-154.

Kronenberg F, Mora S, Stroes ESG, Ference BA, Arsenault BJ, Berglund L, Dweck MR, Koschinsky M,
Lambert G, Mach F, McNeal CJ, Moriarty PM, Natarajan P, Nordestgaard BG, Parhofer KG, Virani
SS, von Eckardstein A, Watts GF, Stock JK, Ray KK, Tokgozoglu LS and Catapano AL. Lipoprotein(a) in
atherosclerotic cardiovascular disease and aortic stenosis: a European Atherosclerosis Society consensus
statement Eur Heart J. 2022;43:3925-3946.

Wu MF, Xu KZ, Guo YG, Yu J, Wu Y and Lin LM. Lipoprotein(a) and Atherosclerotic Cardiovascular Disease:
Current Understanding and Future Perspectives. Cardiovasc Drugs Ther. 2019;33:739-748.

O’Donoghue ML, Rosenson RS, Gencer B, Lopez JAG, Lepor NE, Baum SJ, Stout E, Gaudet D, Knusel
B, Kuder JF, Ran X, Murphy SA, Wang H, Wu Y, Kassahun H and Sabatine MS. Small Interfering RNA to
Reduce Lipoprotein(a) in Cardiovascular Disease. N EnglJ Med. 2022;387:1855-1864.

Rhainds D, Brodeur MR and Tardif JC. Lipoprotein (a): When to Measure and How to Treat? Curr
Atheroscler Rep. 2021;23:51.

Group LS. Long-term effectiveness and safety of pravastatin in 9014 patients with coronary heart disease
and average cholesterol concentrations: the LIPID trial follow-up. Lancet. 2002;359:1379-87.

Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, Brown L, Warnica JW, Arnold JMO,
Wun C-C, Davis BR and Braunwald E. The Effect of Pravastatin on Coronary Events after Myocardial
Infarction in Patients with Average Cholesterol Levels. N Engl J Med. 1996;335:1001-1009.

Heart Protection Study Collaborative G. MRC/BHF Heart Protection Study of cholesterol lowering with
simvastatin in 20,536 high-risk individuals: a randomised placebo-controlled trial. Lancet. 2002;360:7-
22.

Shepherd J, Cobbe SM, Ford |, Isles CG, Lorimer AR, Macfarlane PW, McKillop JH and Packard CJ.
Prevention of Coronary Heart Disease with Pravastatin in Men with Hypercholesterolemia. N EnglJ Med.
1995;333:1301-1308.

Downs JR, Clearfield M, Weis S, Whitney E, Shapiro DR, Beere PA, Langendorfer A, Stein EA, Kruyer W,
Gotto JAM and for the ATRG. Primary Prevention of Acute Coronary Events With Lovastatin in Men and
Women With Average Cholesterol LevelsResults of AFCAPS/TexCAPS. JAMA. 1998;279:1615-1622.

Bove M, Cicero AFG and Borghi C. Emerging drugs for the treatment of hypercholesterolemia. Expert
Opin Emerg Drugs. 2019;24:63-69.

Khan SA, Naz A, Qamar Masood M and Shah R. Meta-Analysis of Inclisiran for the Treatment of
Hypercholesterolemia. Am J Cardiol. 2020;134:69-73.

Nissen SE, Lincoff AM, Brennan D, Ray KK, Mason D, Kastelein JIP, Thompson PD, Libby P, Cho L, Plutzky
J, Bays HE, Moriarty PM, Menon V, Grobbee DE, Louie MJ, Chen C-F, Li N, Bloedon L, Robinson P, Horner
M, Sasiela WJ, McCluskey J, Davey D, Fajardo-Campos P, Petrovic P, Fedacko J, Zmuda W, Lukyanov Y and
Nicholls SJ. Bempedoic Acid and Cardiovascular Outcomes in Statin-Intolerant Patients. N Engl J Med.
2023;388:1353-1364.

49




Chapter 1

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

50

Ballantyne CM, Banach M, Mancini GBJ, Lepor NE, Hanselman JC, Zhao X and Leiter LA. Efficacy and
safety of bempedoic acid added to ezetimibe in statin-intolerant patients with hypercholesterolemia: A
randomized, placebo-controlled study. Atherosclerosis. 2018;277:195-203.

Ray KK, Bays HE, Catapano AL, Lalwani ND, Bloedon LT, Sterling LR, Robinson PL and Ballantyne CM.
Safety and Efficacy of Bempedoic Acid to Reduce LDL Cholesterol. N Engl J Med. 2019;380:1022-1032.

Kastelein JJP, Wedel MK, Baker BF, Su J, Bradley JD, Yu RZ, Chuang E, Graham MJ and Crooke RM. Potent
Reduction of Apolipoprotein B and Low-Density Lipoprotein Cholesterol by Short-Term Administration
of an Antisense Inhibitor of Apolipoprotein B. Circulation. 2006;114:1729-1735.

Akdim F, Visser ME, Tribble DL, Baker BF, Stroes ESG, Yu R, Flaim JD, Su J, Stein EA and Kastelein JJP.
Effect of Mipomersen, an Apolipoprotein B Synthesis Inhibitor, on Low-Density Lipoprotein Cholesterol
in Patients With Familial Hypercholesterolemia. Am J Cardiol. 2010;105:1413-1419.

Cuchel M, Meagher EA, du Toit Theron H, Blom DJ, Marais AD, Hegele RA, Averna MR, Sirtori CR, Shah
PK, Gaudet D, Stefanutti C, Vigna GB, Du Plessis AME, Propert KJ, Sasiela WJ, Bloedon LT and Rader DJ.
Efficacy and safety of a microsomal triglyceride transfer protein inhibitor in patients with homozygous
familial hypercholesterolaemia: a single-arm, open-label, phase 3 study. Lancet. 2013;381:40-46.

Ahmad Z, Banerjee P, Hamon S, Chan K-C, Bouzelmat A, Sasiela WJ, Pordy R, Mellis S, Dansky H, Gipe
DA and Dunbar RL. Inhibition of Angiopoietin-Like Protein 3 With a Monoclonal Antibody Reduces
Triglycerides in Hypertriglyceridemia. Circulation. 2019;140:470-486.

Gaudet D, Gipe DA, Pordy R, Sasiela W, Chan K-C and Khoury E. Safety and efficacy of evinacumab, a
monoclonal antibody to ANGPTL3, in patients with homozygous familial hypercholesterolemia receiving
concomitant lipid-lowering therapies. J Clin Lipidol. 2016;10:715.

Richardson TG, Sanderson E, Palmer TM, Ala-Korpela M, Ference BA, Davey Smith G and Holmes MV.
Evaluating the relationship between circulating lipoprotein lipids and apolipoproteins with risk of coronary
heart disease: A multivariable Mendelian randomisation analysis. PLOS Medicine. 2020;17:e1003062.

Shapiro MD and Fazio S. From Lipids to Inflammation: New Approaches to Reducing Atherosclerotic Risk.
Circ Res. 2016;118:732-49.

Chapman MJ. Fibrates in 2003: therapeutic action in atherogenic dyslipidaemia and future perspectives.
Atherosclerosis. 2003;171:1-13.

Clarke R, Peden JF, Hopewell JC, Kyriakou T, Goel A, Heath SC, Parish S, Barlera S, Franzosi MG, Rust S,
Bennett D, Silveira A, Malarstig A, Green FR, Lathrop M, Gigante B, Leander K, de Faire U, Seedorf U,
Hamsten A, Collins R, Watkins H and Farrall M. Genetic Variants Associated with Lp(a) Lipoprotein Level
and Coronary Disease. N Engl J Med. 2009;361:2518-2528.

Kamstrup PR, Tybjaerg-Hansen A, Steffensen R and Nordestgaard BG. Genetically Elevated Lipoprotein(a)
and Increased Risk of Myocardial Infarction. JAMA. 2009;301:2331-2339.

Nordestgaard BG and Langsted A. Lipoprotein (a) as a cause of cardiovascular disease: insights from
epidemiology, genetics, and biology. J Lipid Res. 2016;57:1953-1975.

Moriarty PM, Gray JV and Gorby LK. Lipoprotein apheresis for lipoprotein(a) and cardiovascular disease.
J Clin Lipidol. 2019;13:894-900.

Melita H, Manolis AA, Manolis TA and Manolis AS. Lipoprotein(a) and Cardiovascular Disease: A
Missing Link for Premature Atherosclerotic Heart Disease and/or Residual Risk. J Cardiovasc Pharmacol.
2022;79:e18-e35.

Florentin M, Liberopoulos EN, Mikhailidis DP and Elisaf MS. Emerging options in the treatment of
dyslipidemias: a bright future? Expert Opin Emerg Drugs. 2011;16:247-70.

O’Donoghue ML, Fazio S, Giugliano RP, Stroes ESG, Kanevsky E, Gouni-Berthold I, Im K, Lira Pineda A,
Wasserman SM, Ceska R, Ezhov MV, Jukema JW, Jensen HK, Tokgdzoglu SL, Mach F, Huber K, Sever
PS, Keech AC, Pedersen TR and Sabatine MS. Lipoprotein(a), PCSK9 Inhibition, and Cardiovascular Risk.
Circulation. 2019;139:1483-1492.



246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

Residual Cardiovascular Risk

Park S, Han K, Lee S, Kim Y, Lee Y, Kang MW, Park S, Kim YC, Han SS, Lee H, Lee JP, Joo KW, Lim CS, Kim
YS and Kim DK. Cardiovascular or mortality risk of controlled hypertension and importance of physical
activity. Heart. 2021;107:1472-1479.

English WJ, Spann MD, Aher cardiovascular and Williams DB. Cardiovascular risk reduction following
metabolic and bariatric surgery. Ann Transl Med. 2020;8:512.

Karjalainen MK, Holmes MV, Wang Q, Anufrieva O, Kdhonen M, Lehtiméaki T, Havulinna AS, Kristiansson K,
Salomaa V, Perola M, Viikari JS, Raitakari OT, Jarvelin M-R, Ala-Korpela M and Kettunen J. Apolipoprotein
A-l concentrations and risk of coronary artery disease: A Mendelian randomization study. Atherosclerosis.
2020;299:56-63.

Kosmas CE, Sourlas A, Silverio D, Montan PD and Guzman E. Novel lipid-modifying therapies addressing
unmet needs in cardiovascular disease. World J Cardiol. 2019;11:256-265.

Holmes MV, Asselbergs FW, Palmer TM, Drenos F, Lanktree MB, Nelson CP, Dale CE, Padmanabhan S,
Finan C, Swerdlow DI, Tragante V, van Iperen EPA, Sivapalaratnam S, Shah S, Elbers CC, Shah T, Engmann
J, Giambartolomei C, White J, Zabaneh D, Sofat R, McLachlan S, on behalf of the Uc, Doevendans PA,
Balmforth AJ, Hall AS, North KE, Almoguera B, Hoogeveen RC, Cushman M, Fornage M, Patel SR, Redline
S, Siscovick DS, Tsai MY, Karczewski KJ, Hofker MH, Verschuren WM, Bots ML, van der Schouw YT,
Melander O, Dominiczak AF, Morris R, Ben-Shlomo Y, Price J, Kumari M, Baumert J, Peters A, Thorand B,
Koenig W, Gaunt TR, Humphries SE, Clarke R, Watkins H, Farrall M, Wilson JG, Rich SS, de Bakker PIW,
Lange LA, Davey Smith G, Reiner AP, Talmud PJ, Kivimaki M, Lawlor DA, Dudbridge F, Samani NJ, Keating
BJ, Hingorani AD and Casas JP. Mendelian randomization of blood lipids for coronary heart disease. Eur
Heart J. 2015;36:539-550.

Jeyamalar R, Wan Azman WA, Nawawi H, Choo GH, Ng WK, Rosli MA, Al Fazir O, Sazzli K, Oteh M and
Quek DKL. Updates in the management of Dyslipidaemia in the high and very high risk individual for CV
risk reduction. Med J Malaysia. 2018;73:154-162.

Das Pradhan A, Glynn RJ, Fruchart J-C, MacFadyen JG, Zaharris ES, Everett BM, Campbell SE, Oshima
R, Amarenco P, Blom DJ, Brinton EA, Eckel RH, Elam MB, Felicio JS, Ginsberg HN, Goudev A, Ishibashi S,
Joseph J, Kodama T, Koenig W, Leiter LA, Lorenzatti AJ, Mankovsky B, Marx N, Nordestgaard BG, Pall D,
Ray KK, Santos RD, Soran H, Susekov A, Tendera M, Yokote K, Paynter NP, Buring JE, Libby P and Ridker PM.
Triglyceride Lowering with Pemafibrate to Reduce Cardiovascular Risk. N EnglJ Med. 2022;387:1923-1934.

Perez-Martinez P, Katsiki N and Mikhailidis DP. The Role of n-3 Fatty Acids in Cardiovascular Disease: Back
to the Future. Angiology. 2020;71:10-16.

Mason RP, Sherratt SCR and Eckel RH. Rationale for different formulations of omega-3 fatty acids leading
to differences in residual cardiovascular risk reduction. Metabolism. 2022;130:155161.

Kaltoft M, Langsted A and Nordestgaard BG. Triglycerides and remnant cholesterol associated with risk
of aortic valve stenosis: Mendelian randomization in the Copenhagen General Population Study. Eur
Heart J. 2020;41:2288-2299.

Musunuru K and Kathiresan S. Surprises From Genetic Analyses of Lipid Risk Factors for Atherosclerosis.
Circ Res. 2016;118:579-585.

Tardif JC, Karwatowska-Prokopczuk E, Amour ES, Ballantyne CM, Shapiro MD, Moriarty PM, Baum SJ,
Hurh E, Bartlett VJ, Kingsbury J, Figueroa AL, Alexander VJ, Tami J, Witztum JL, Geary RS, O’Dea LSL,
Tsimikas S and Gaudet D. Apolipoprotein C-Ill reduction in subjects with moderate hypertriglyceridaemia
and at high cardiovascular risk. Eur Heart J. 2022;43:1401-1412.

Varbo A, Benn M, Tybjeerg-Hansen A, Jgrgensen Anders B, Frikke-Schmidt R and Nordestgaard Bgrge G.
Remnant Cholesterol as a Causal Risk Factor for Ischemic Heart Disease. J Am Coll Cardiol. 2013;61:427-436.

Katzmann JL, Werner CM, Stojakovic T, Marz W, Scharnagl H and Laufs U. Apolipoprotein ClIl predicts
cardiovascular events in patients with coronary artery disease: a prospective observational study. Lipids
Health Dis. 2020;19:116.

51




Chapter 1

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

52

Hussain A and Ballantyne CM. New Approaches for the Prevention and Treatment of Cardiovascular
Disease: Focus on Lipoproteins and Inflammation. Annu Rev Med. 2021;72:431-446.

Dewey FE, Gusarova V, Dunbar RL, O’Dushlaine C, Schurmann C, Gottesman O, McCarthy S, Van Hout
CV, Bruse S, Dansky HM, Leader JB, Murray MF, Ritchie MD, Kirchner HL, Habegger L, Lopez A, Penn
J, Zhao A, Shao W, Stahl N, Murphy AJ, Hamon S, Bouzelmat A, Zhang R, Shumel B, Pordy R, Gipe D,
Herman GA, Sheu WHH, Lee IT, Liang K-W, Guo X, Rotter JI, Chen Y-DI, Kraus WE, Shah SH, Damrauer
S, Small A, Rader DJ, Wulff AB, Nordestgaard BG, Tybjerg-Hansen A, van den Hoek AM, Princen HMG,
Ledbetter DH, Carey DJ, Overton JD, Reid JG, Sasiela WJ, Banerjee P, Shuldiner AR, Borecki IB, Teslovich
TM, Yancopoulos GD, Mellis SJ, Gromada J and Baras A. Genetic and Pharmacologic Inactivation of
ANGPTL3 and Cardiovascular Disease. N Engl J Med. 2017;377:211-221.

Fernandez-Prado R, Perez-Gomez MV and Ortiz A. Pelacarsen for lowering lipoprotein(a): implications
for patients with chronic kidney disease. Clin Kidney J. 2020;13:753-757.

Guardiola M, Exeter HJ, Perret C, Folkersen L, van’t Hooft F, Eriksson P, Franco-Cereceda A, Paulsson-
Berne G, Palmen J and Li K. PLA2G10 gene variants, sPLA2 activity, and coronary heart disease risk. Circ
Cardiovasc Genet. 2015;8:356-362.

Holmes MV, Simon T, Exeter HJ, Folkersen L, Asselbergs FW, Guardiola M, Cooper JA, Palmen J, Hubacek
JA and Carruthers KF. Secretory phospholipase A2-lIA and cardiovascular disease: a Mendelian
randomization study. J Am Coll Cardiol. 2013;62:1966-1976.

Holmes MV, Exeter HJ, Folkersen L, Nelson CP, Guardiola M, Cooper JA, Sofat R, Boekholdt SM, Khaw
K-T and Li K-W. Novel genetic approach to investigate the role of plasma secretory phospholipase A2
(sPLA2)-V isoenzyme in coronary heart disease: modified Mendelian randomization analysis using
PLA2GS5 expression levels. Circ Cardiovasc Genet. 2014;7:144-150.

Consortium TI-RMRAIRM. The interleukin-6 receptor as a target for prevention of coronary heart
disease: a mendelian randomisation analysis. Lancet. 2012;379:1214-1224.

Danesh J, Kaptoge S, Mann AG, Sarwar N, Wood A, Angleman SB, Wensley F, Higgins JP, Lennon L,
Eiriksdottir G, Rumley A, Whincup PH, Lowe GD and Gudnason V. Long-term interleukin-6 levels and
subsequent risk of coronary heart disease: two new prospective studies and a systematic review. PLoS
Med. 2008;5:e78.

Rosa M, Chignon A, Li Z, Boulanger M-C, Arsenault BJ, Bossé Y, Thériault S and Mathieu P. A Mendelian
randomization study of IL6 signaling in cardiovascular diseases, immune-related disorders and longevity.
NPJ Genom Med. 2019;4:23.

Zacho J, Tybjeerg-Hansen A, Jensen JS, Grande P, Sillesen H and Nordestgaard BG. Genetically Elevated
C-Reactive Protein and Ischemic Vascular Disease. N Engl J Med. 2008;359:1897-1908.

Reiner Z, Sirtori CR, Banach M, Ruscica M and Sahebkar A. Methotrexate for Cardiovascular Risk
Reduction: The Right Choice? Angiology. 2020;71:105-107.

Kocyigit D, Gurses KM and Tokgozoglu L. Anti-inflammatory therapy in atherosclerosis. Front Biosci
(Landmark Ed). 2020;25:242-269.

Herndndez JL, Lozano FS, Riambau V, Almendro-Delia M, Cosin-Sales J, Bellmunt-Montoya S, Garcia-
Alegria J, Garcia-Moll X, Gomez-Doblas JJ, Gonzalez-Juanatey JR and Suarez Ferndndez C. Reducing
residual thrombotic risk in patients with peripheral artery disease: impact of the COMPASS trial. Drugs
Context. 2020;9.

Mathewkutty S and McGuire DK. Platelet perturbations in diabetes: implications for cardiovascular
disease risk and treatment. Expert Rev Cardiovasc Ther. 2009;7:541-9.

de Ferranti SD, Steinberger J, Ameduri R, Baker A, Gooding H, Kelly AS, Mietus-Snyder M, Mitsnefes
MM, Peterson AL, St-Pierre J, Urbina EM, Zachariah JP and Zaidi AN. Cardiovascular Risk Reduction in
High-Risk Pediatric Patients: A Scientific Statement From the American Heart Association. Circulation.
2019;139:e603-e634.



Residual Cardiovascular Risk

Adeuayy Suamol-pidi| uo
%Ly~ “1/loWw z€'8 D-1Q7 duljaseq uesaw ‘H4oy

sez 1/loww €1LdONY
‘vEe'ss umouyun - %ET- GL'€-LT°€D-107dUldseq UBSW ‘DIH  IsuleSe qyw  gewndeulny
Adesayy Sulsamol-pidi| uo
€620 umouun - %0S-8€- “1/loww 69'8 D-107 duljaseq uesw Hioy Jolqiyul d1N Spidenwo

Adeuayy Suamol-pidi| uo
%YE-TC- “1/lowwW 05" D-1Q7 dul|9seq ueaw ‘H4ay

22 1/loww T€'E  00T-gody 1e
‘€2 ‘0 umouxun - %SE€-  D-107duljaseq ueaw ‘Dlwapldi|sAp p|IN Pa1d3JIp OSY  uasiawodiy
JUBJD|O3UI-ULR)S pue
jueJsjolul paieaJsi-aqiunazs “1/joww 65°€ D-1Q7
P -uL3e1s pue paleasy-aqiwnaza %62 dulaseq ueaw ‘2|wa|0Ja3sajoydsadAH J031qiyul
‘92z “1/loww 65°€ D101 dul|aseq pajeasi-unels ul 1/joww 89z - aseA| ajend proe
1196 %ET-€T- ueaw ‘21wa|0Ja1s3|oyd4adAH %/T- D-107 aul|aseq ueaw ‘H43y Jo/pue QADSY -dlV pue DIy  dlopadwag
Adesayy
Adesayy Suliamol-p! Sulamol-pidi| uo “1/joww z6°€-89°'C 6)50d
“1/loww z6°€-89°C D-1A7 dul|aseq D-1@7 2ulaseq ueaw ‘S[aA3| wNJas D-1Q7 Sunadiey
ezt %V ueaw 1Wwa|0d1s3|oyd1adAH %1S- pa1ensa yum sid AD Y31y 1e 10 QADSY VNS uedisippul
paieasi-unels J0yqiyul
“1/loww £T°€-67°T D-101 dul|3seq paleasl-unels “1/joww £1°€-67°'T 2-147 uondiosqe
J—— %ET-L- ueaw ‘O|wa|oJalsajoydiadAH  %Sz-02- aul[aseq ueaw ‘2|wa|oJa1sajoyosadAH  -|04331S3|0YD aqlwnazy
Adeiayy 3uliamol-pidij uo “1/joww Adesayy Suiamol-pidi| 6)S2d
802 ‘02 (¥¥V) %9°T- 08'TX D-1Q73ul|3seq ‘SOV  %99-79- uo “1/joww 08'T< D-1d7 dul|dseq ‘SQY  Isulede qyw  qewndoul|y
szz-tee J0yqiyul
‘szt 1/lowWw T6'v-6€°€ D-1a1 dul|aseq 1/loww T6°7-6€°€ 2-147 9se1npal
w0t'ez %SE-02- ueaw ‘21wa|0Ja3sajoydiadAH %0G- dul[aseq ueaw ‘2|wa|0433s3joydIadAH VOD-OINH supels SIA J-1a1
9zIs 10943 uone|ndod Apnis azis 1093 uope|ndod Apms wisiueyIaw $and Joxew
JEN| JIOVIN UO 1293 Juswieal) J9)Jew /1030.) S UO 1343 JuUdWIedIL judwieall juswieall 1oy |esne) /.uordepdsiy

*JOVIA UO 10943 JUdWIEa] dY} pUB J030E) Msi Jejndried 3yl UO 10343 Juswieall 3yl Suipnjoul ‘Axjesned J13y3 pue ysu A 03 SULINGIIUOD S103d.y YS!

1S 9|qeL

NOILVINYO4NI TVLNINITddNS

53



Chapter 1

Lzoz w (e)ody
61z P109dX3 S} Nsay (e)d paienaja pue QAISY %00T-TZ- Adesayy ulsamol-pidi| uo ‘gADISY IsuleSe YNYIS ueJised|Q
6X50d
svz'%6 %91~ Adesayy Suamol-pidi| uo ‘AISY %LT- Adesayy Suamol-pidi| uo ‘QADSY  IsuleSe qyw  QewnI0|OA]
e umouyun - %ET- Adesayy Suiamol-pidij uo ‘H4oy JouqIyul d1IN  dpidenwon
%TE- Adesayy Suisamoj pidijuo ‘H4  Q0T-gody 1e
o umouun - %T¢- Adeisayl Suiamol-pidij uo ‘qHD pue H43y pa1dadip OSY  uasiawodiy
€07 rderal] %06- Ayzjeay (e)ody 1e
«ozz o1 PO129AXD S)NSay Adesayy Buiamol-pidij uo ‘QND  %08-S€- Adeiayy Suliamol-pidij uo ‘qAD  PRdAIP OSY uasiede|ad
Adeuayy Susamol-pidi| uo Adeiayy Sursamol-pidi| 6)50d (s1soua1s
812 80 (¥¥V) %9°T- “1/joww 08°T< D-1Q1 dul|dseq ‘SQV %ET- uo “1/joww 08'T< J-1d7 duljdseq SOV Isulese qyw  QEewNdOUIY  aajen dnJoe
and pue AdeJay Buamol-pidi| uo p/3w €T Jo (e)d sisasayde ‘and)
- %0L<  “D-1Q7|ewJou “p/3w 09 < (e)d] %€9- puej/joww £0°Z 40 D-1Q7 3Ul|SSeq UeS|\  uonuaAJalul  ullosdodi SIA (e)dq
€1LdONY
o8 umouun - %91~ Adesayy Suiamol-pidij uo ‘H4oy IsuleSe qyw  gewndeulnl
pajeasr-unels /8 10°T gody 1siuo8e
s umouyun - %TE- auljaseq ueaw ‘21wapidijsAp onagelq A/oyvdd  JezeySoles
€T andjo JojeAanoe
PP—— %Ce- AJ0ISIYy umoud InoyuMm pue Yimm %0T- 21Wa|049159|0yduadAH 0-YVYdd sajeuql4
Jouqiyul
paleasj-unels “1/8 £8'0  aseA| a1ead proe
822 ‘611 %EC-ET- 1ueJa|ojul-unels %€T- gody auljaseq ueaw ‘H43y Jo/pue AADSY -dlv pue DIy  dlopaduwag
Adesayy uriamoy
(¥dy)  -pidij uo “1/8 06°0% ‘06'0>-SL'0 Adesayy Buliamol-pidi| uo “1/8 0603 6350d
80z %9'1- ‘G£'0> gody aul|aseq ‘SOV - %PS-Zh-  ‘06'0>—G/'0 ‘SL°0> gody auljaseq ‘SOY  JsuleSe qyw  qewndolily
Adesayy Sulsamol-pidi|
152552 umouun - %61- uo “1/3 9z gody aul|aseq ueaw ‘H4oy Jouqiyul d1IN apideywon
Adesayy Sulsamol-pidi|
%EE-EC- U0 “1/8 75’1 gody dul|aseq ueaw ‘H4ay
Adeiayy Suliamo|
-pidij uo “1/joww g°T gody aul|aseq
95z %9¢- ueaw ‘2|wa|043153|0YdIadAy-aianas
252182 1/loww Z6'2-19°C  00T-gody 1e (aHD)
—— umouyun - %0S-  D-1Q7 duldseq ueaw D1wapidisAp PN PaadIp OSY  uasiawodiiN  Ajlenuaiod gody
9zIs 19943 uone|ndod Apnis azis 1093 uope|ndod Apms wsjueydaw $and Jew
19y JDVIA UO 1039 Judwieas) J9)Jew /1030.) YSII UO 1343 JudWIedIL juaweal) juswieall 1oy |esne) /.Joide}disiy

54



Residual Cardiovascular Risk

VST V]
-upels pue Adeiayy Sursamol-pidi|

JUBJ3|OJUI-ULE)S pue
Adeuayy Susamol-pidi| uo “1/joww €0°T>

uo “J/joww €0°'T>J-1aH pue %¢'9¢- D-10H pue ‘D] H S1eidpow-03-p|iw ‘NAZL Joje[npow (££8-))
25t 9zt 193442 ON ‘D1H S1eJSpoW-01-pliw ‘NATL  %L'TH- olwapidijsAg DINYVAAS dielqyewad
Jolennoe
147 ‘I-00dvy
paleasi-unels “1/joww saonpal
%TE- 88'05D-1QH PuUe J/joww T€'Z DL ‘Joj1eAnde
o¢ 109))2 ON pajeas-uness ‘NQzL %CT paleasy-unels ‘NazL 0-4vdd  @1eiqyous4
uolssaldxa
1d7 sa1e|nwins
‘uonaII3s
pue sisayjuhs
T1Q7A sHqiyul
‘uoissaldxa |||
-Dody suqiyut
%0€-S J1Wa|0493159|0ya1adAH ‘JojeAnoe
g5z '08 %y avd  %0S-0E- uonedyisseld uosydlpal4 jo adAjouayd g 0-4Vdd so1eiql4
SIS9YuAs
16 pajeaJsi-uneis ysu pajeaJy 9] dneday (udeu) (aHD)
‘05z ' 30942 ON AD Y3y 1e 4o J/joww T8'T>D-1aH %ET- -ugeis “J/joww 91" T> D-1aH YUM aHD S90NpayY  pIoe JIUROIIN S9A 91
pajeasi-unels
109149 ON  ‘S[9A3] D-1AH MO| yum gy) duewoldwAs sonawiw (802-XAY)
6v2 ‘LET umouyun - %01-9°G+ pajeasi-unels ‘qyo d|qeis I-vody auojelagedy
sopawiw (avd)
oz s umouyun - %ETT+ pajeasi-unels ‘I I-yody TIT1SD  10uAPn I-vody
pajeasi-unels
109449 ON  ‘S[9A3] D-1AH MO| yum gy) duewoldwAs sonawiw (802-XAY)
. umouyun - %8-E€+ pajeaJsi-unels ‘qyd a|qeis |-yody auojelagedy
7/10Www uonuUBAJIRIUI uonessad
861 ‘sz %Y1 90415 21WAYIS! 91NdY T0+ sJ2yows apaJed) EJUSEEN] Supjows (aHI
102 ‘vt uonuaAIRU| ENIENE] ‘1IN ‘QHD)
‘961 '5 %05-> uope|ndod |eJdudn  %OT-G+ AAD Inoyum ajA1sayl| Aseyuapas alhisay| Jlqoisy ON J-1aH
9zIs 10943 uone|ndod Apnis azis 1093 uonejndod Apnis wsiueydaw {and Jpew
JEN| JIOVIN UO 1233 Judwieal) J9)Jew /1030.) S UO 10343 JuUdWIedI] juawieall juswieall 1oy |esne) /.uoidepdsiy

55



Chapter 1

2-1a1A I1I-D0dy 1e
88 umouxun - %8S~ SJ4 Pa1d3ldip OSY U3sJ0saue|op
JUBJD|OUI-ULE)S pue
S|9A3| D-1Q7 PUB D-1QH Mo| pue  D-1A1A  Adesayy Suamol-pidi| uo “/joww €0°T> Joje|npow (££8-3)
757 1091J9 ON ‘D1 H d)e49pOow-03-p|iw ‘INAZL %9¢- J-1aH pue ‘O] H d1esapow-03-p|iw ‘NAZL 0-4vddS °ieiqyewsd
2-1A1A 1siuo3e
s umouun - %S{- paieasi-unels olwapidijsAp onagelq A/oyvdd  Jezey Soses
2-1d71A Adetayy Suamol-pidil - i1-D0dy e (s1soua3s
15t umouyun - %8G~ uo sk AD Y31y 1e pue 9] H 91eI3PON  PIIBIIP OSY USSIEZ3I0  anjen oo
o5z 2-1d7A 001-gody 1e pue aHD)
pr—— umouyun - %LT- Adesayy Suiamol-pidij uo ‘H4oy pa1daIIP OSY  udsIawodiN SIA STYOL
€1LdONVY 18 XYT-€1LdONVY
L5288 umouyun - %61~ AyyjesH  paauip OSY -VADIV
%LY- Adesayy uliamol-pidi| uo ‘Hioy €1LdONY
88 umouyun - %6'9L- OLH 3IsuleSeqyw  gewndeulrj
(x471-111D0dV
lI-p0dy 3e “VINY)
o8 umouxun - %LL- 91 pa1end|d Ajpjiw ‘Ayrjesq paidaJIp OSY uasiezs|Q
(x4111D0dV
lI-p0dy 3e -SIS1)
889858 umouyun - %LL- SD4 Pa1daJIp OSY UISIOSaUR|OA
pajealy
%LT- -upels ‘o1 palens|d pue s AD YSIH - vd3 JO 493sd (3d1) 1Ay3
vez %ST- paieasi-unels ‘ol H %6- pajeasi-unels dlwajosalsajoydsadAy  |AYIL 3jgels juadeso?)
10943 ON paieaJi-unels ‘ol H
10943 ON aADd Inoyum NQ %61~ pajeaJi-unels ‘D1 H
O %0¢- sjuawieal) aAnuaAaLd ‘| %¢E- SjuawWieal) aAnuanald ‘[N ploe Apey-em VHa+vd3
14 pajleaJy
‘€929 %6T- -upels ‘21wa|04a1s9|0ydsadAH %6- pajeaJsi-unels ‘OlwajolaisajoyosadAy  proe Anej-gm vd3
1s1uo8e
" umousun - %St~ pajeasy-unels O1wapidijsAp onagelq A/oyvdd  JezeyjSoses ol
9zIs 10943 uone|ndod Apnis azis 1093 uonejndod Apmis wsiueysaw {and Jew
19y JDVIA UO 10343 Judwiieal] J9djJew /1019.) S UO 1I9)43 JudWIEdIL FUCTIEN] | juswieail  J1oj[esne) /J03oey sty




Residual Cardiovascular Risk

57

sr OlSM paseasdu| Joud y 96> SOV umoudun - 1ZV1ds  qipejdsaiep
Adesayy
soz-esz 1933 ON Supiamol-pidi| uo ‘GHD 3|qe3s (aHD)
‘a0t 19y 0N Adessyy Sunemol-pidlj Uo ‘SOV  %99-Ev- pa3eau3-unels ‘qHd Izvid-d1  gipejdeleq ON wvd
Scocul (e)ody 1e
202101 P21090dXD S)nsay - %06-0€- Adesayy Suiamol-pidij uo ‘gAD  Pa12aJIP OSY uasiede|ad umouun 1dX0
€11dONV
3unasdiey
09z ‘88 umouyun - %€8-S9G- Ayyjeay VNYIS  EONV-OYVY
09z €11LdONV 18 XYT-E1LdONV
‘LeT 88 umouwyun - %I8LY- Ayrjeay  paalip OSY “V3INV
19 €11dONV (and)
P umouyun - umowyjun - suieSeqyw  gewndeuinj SOA  €1LdONV
1ueJd|oul
-upels pue Adesayy Susamol-pidi| JUBJI9|O3UI-ULR)S pue
uo “/joww €0°T> D-1QH pue Adeisyi Susmol-pidi| uo “J/joww €0°T> Jole|npow (££8-))
st 1943 ON ‘D1 H 31eJdpow-01-pliw ‘NdTL %8¢- D-10H pue ‘D1 H 91eJ3pow-03-p|iw ‘INAZL 0-YVddS  2ielqyewsd
Adeiayy Suliamo|
%vL-  -pidi|sid AD Y31y Je pue D1 H 91el9poN II-D0dy 1e
1s2'98 umouyun - %C6- 91 pa1endld AL Pa1daIIp OSY uasiezs|Q
62052 l-0dy 1e (aHd)
‘9858 umouyun - %18~ SJO4 P33P OSY  USSIOSSUE|OA S9A ni-30dy
1UBJI3|OJUI-UNE]S pue (sisous1s
852’552 S|9A3] 3-107 PUe J-10H MO| pue Adesayy Suliamol-pidi| uo “/joww €0°T>  Jolejnpow (££8-3)  aneadpuoe
‘25218 109442 ON ‘D1H 91eJ9pow-01-p|iw ‘INQZL %9¢- D-10H PUe ‘D] H d1eJ9pow-03-p|iw ‘INAZL 0-YVddS  dielqyewsd ‘QHI) SeA  D-ueuway
azIs 10943 uonejndod Apnis azis 1093 uope|ndod Apms wisjueydaw $and 1o ew
19y JDVIA UO 1090 Juswiieal] J9)Jew /1030.) YSII UO 194D JudWIEedIL juswieal] juswieasl  Joj[esne) /.Joide}disiy




Chapter 1

91l

ot - umourun - %c6-LL- @)D pue dydsy paiend|3  suleSe qyw  qewdRALIZ
Adesayy  9%59-9¢- NQZL J01d3da4
Suliemol-pidi| uo “/8wz>dyIsy Adesayy uniamol-pidi| d1-11
P %9C- juswieali-uo |N-1sod 91qe1s  %0v-0¢Z- uo “1/8wz<s|aAs| d4DsY [IN-1sod ajqe1s  1suleSe qyw gewnupjeue)
uopeAoe
7 %0€- 9seasip AJeuoJod a1uoay)d swosewweljul
qITLTT %EC- paleasl-uneis ‘soy  %E'LE- pa1eaJs)-unes ‘soy - €dYIN suaiyul aunpIya|0)
Jouqryul
aseA| a1e4310 pioe
822611 %EC-ET- lueJajolul-unels %LC- pajeasi-unels ‘H4ay Jo/pue GADSY -d1V pueddy  dlopadwag
1siuo8ejue
oz 9Tt 199442 ON AAJSY 19343 ON andsy pIoe 1|04 31exa10yIvN
szt SM Paseatdu] Joud y 96>V %9'SS- pajeasi-unels ‘qHD 3|qels 1IZV1ds  qipejdsasep
Adesayy
10943 ON Suamol-pidi) uo ‘gqHD 2|qe3s %ET- Adesayy Sulsamol-pidi| uo ‘sSQy
69z st 19y oN  Adessyy Sutamol-pidij uo ‘SOV %0¢- pajea.-unels ‘aHd lzvid-d1  qipejdeseq ON dyosy
Aemyzed
1sluoSejue 9-7| Jo 1ed
oz ott 1094J2 ON AAJSY 19943 ON andsv pioedljo) 91eX3410U19N - Se Ajpoauipul Ul
101d323.
Adesayy Sulsamol-pidi| d1-11
- %9C- 7/8WZ>dYDsY WUBWIea}-uo  %0b-02- U0 “7/8WZ<s|aA3] dY¥IsY |IN-1s0d 3|ge1s  1suleSe qyw gewnupjeue)
Jouqiyul
aseA| aeann pioe
822611 %EC-ET- lueJsajojul-unels %t~ pajeasi-unels ‘H4dy Jo/pue GADSY -d1V pueddy  dlopadwag
1sluogejue 0.1s pue
oz ott 109442 ON AAJSY 19943 ON anosvy PIoE 1[0} 91EX2UI0UIBIN 4y ‘QHD 404
692-997 101da2a4 9-7)
‘szt 10943 ON Adesayy Suliamol-pidi| uo sV %CT- Adesayy Suiamol-pidi| uo ‘SO IZv1d-dl qipejdeseq ein ‘Ajpauipul 9-1l
9zIs 10943 uone|ndod Apnis azis 1093 uonejndod Apmis wsiueysaw {and Jew
JEN JIVIN UO 1233 Judwieal] J9)Jew /1030.) YS1 UO 1033 JuUdWIedI] juawieall juswieall 1oy |esne) /.uoidepdsiy




Residual Cardiovascular Risk

‘uteyoadodi| Alisuap-mo| Asan (@A ‘uisroadodi) you
-9p1I22AIS1LY (YD1 ‘sapiadA|Bll (D] ‘sniijjaw sa3aqelp z 9dA1 {NQZL ‘2v osedijoydsoyd A101a.09s \/1dS ‘s101da304 pajeAnoe-iolelayljoad sawosixosad ‘yydd ‘zv asedijoydsoyd
ZV1d ‘6 2dA1 uixay/uisijugns aselsAuod ulsloidosd (g)SDd ‘@sejAxoqued yod-|A1ede DIV ‘YNY Suliapaiul jlews (yNYIS ‘spidijoydsoyd pazipixo dxQ ‘ulsioid Jajsuesy
9p1422A|3141 |elIPUOYI0UW ‘d1 A ‘UondJejul [eIpaedoAw {||A ‘() uieroidodi| {(e)dT ‘uierosdodi) Alisusp-mol (1@ ‘upinajialul () ‘elwapliadA|BluadAy (91 H ‘uieloid aAndeRI-D
Ananisuas ysiy ‘dyosy ‘uierosdodi Ansuap-ysiy 1gH ‘elwajolaisajoydiadAy |eljiwe) ‘H4 ‘DWOoIpuAs eILBUOIDIWOIAYD |eljiwe) (SO ‘DSeISIP JB|NISeAOIpIed (QAD ‘9Seasip
Asupiy d1uolyd (gD ‘@seasip Meay Aleuosod {gHD ‘eseasip Aiane Aleuosod (qy) ‘@reydsoydill auisouspe ‘dly ‘@prnosjpnuodijo asuaspue ‘{OSY ‘9seasip Je|ndsenolpled
o11049[25049Y1e {GADSY ‘Apoquue |euoppouow qyw ‘uidlosdodijode ‘ody ‘uialoud oyi-unalodoiSue JIJONY ‘uone|uqy |eudue 4y ‘Bwolpuls Aleuosod ainoe SOy

uorudAJIRIUL uonessad (pn2)
861 ‘sz %YT- 9)041S 21WaYIS! 91NdY SOA SOA EISEEN Supjows SOA Supjows
uoludAJIRIUL 951049X%d
e %0G-> uopnejndod |essuan SOA SOA 9lA1say| 210049y |elsianoiuo)  Anapoeul
AaAD 8unsixe-aud Inoyum
4514 AD Y381y 1e uonejndod uonUANIRIUI 191p
V6T ‘€61 %0€- U1 131p 18j-Mo| 0} patedwio) S9A  AAD Supsixa-a4d Inoyum st AD Y3y 9|A1sayl| UeBUBLIBUPAIN S9A  19Ip 1004
AaAD 8unsixe-aud 1noyum
“Is14 AD y31y e uone|ndod RIp
- %0€- ul 391p 18}-M0| 0} patedwo) S9A  @AD 8unsixa-aid Inoyum sl AD Y31y 1y UOLIUSAISIUL UBSURLISIP3IIN
A1aduns A1aduns
. %L Ch-L7- dl4ielieq jusamiapun eyl syuaned |INgG %0€- SJUDISI|OPY  UOLUIAIIUI Juleleg |eISIDA0IIUOD Aisaqo
paleasy Joyqiyul
232 %91~ -upidse ‘qyd 3|gels Yum sov - - CTACd Joja45ed1|
paieasi-unidse ‘qyd dnewordwAs dav
%LT- 10 ‘90435 21WaYds! ‘||Al Jold Jo Buipuiq
€22t %L'8- andsy - - ayisuqyur  |a480pidol)
paieauy
%cC-  -ulidse ‘QyD 3|qels Yyum |IN-1sod
%V pajeaJi-unidse ‘QADSY Joyqiyul paieja4
I %9T- Adesayy paepuels 0} uonippe ul ‘SQY - - By J0J0B{  UBQEXOJBeAlY -19191e|d
azIs 10943 uonejndod Apnis azis 1093 uope|ndod Apms wisjueydaw $and Joew
JEN| JIVIN UO 1293 Juswieal] J3)JewW /103284 )SI1 UO 1093 Juawleal] juawieall juawieall 1oy |esne) /.1o3dey sty

59



