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Abstract

Several recent studies with lipid-lowering substances have shown a significant reduction in complications of this
disease with drastic reduction of LDL-cholesterol levels. However, a huge proportion of patients in secondary
prevention remain with inefficient treatment. Vastatins, also called statins, are considered worldwide as the first-
line pharmacotherapy for the treatment of hypercholesterolemia, being the most efficient drugs to lower LDL-
cholesterol, still presenting excellent tolerability. The main mechanism of action of vastatins is inhibition of the
enzyme hydroxymethylglutaril-coenzyme A (HMG-CoA) reductase. Currently, the therapeutic arsenal for cases of
family hypercholesterolemia and statin intolerance incorporated PCSK9 inhibitors (proprotein convertase
subtilisin/kexin type 9) which is an enzyme that is involved in the degradation of the LDL- cholesterol receptor in
the lysosome, preventing its recycling to the cell surface, thus reducing the amount of LDL- cholesterol receptors
available, with consequent elevation of this lipid. Mutations with gain of function that lead to an increase in the
expression of this enzyme cause, therefore, an increase in LDL- cholesterol, while mutations that lead to a decrease
in its expression decrease LDL-cholesterol.
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use of lipid-lowering substances. The treatment should be permanent and
the longer the time of use of the drug, the greater the benefit achieved.

Abbreviations

Apo A-1: Apoprotein A-1
In addition, some points should be checked before the beginning of drug
treatment: whether all preparation and planning of the case were
complete; whether the goals of LDL-C and other lipid parameters were
calculated; if dyslipidemia is not secondary (e.g., hypothyroidism, kidney
disease, liver disease, drug use, alcoholism); whether dietary treatment
and lifestyle changes (lifestyle change, with recommendation for physical
activity, smoking cessation and alcoholism when applicable) have already

HMG-CoA: hydroxymethylglutaril-coenzyme A
LDL-C: low density lipoprotein cholesterol
VLDL: very low density lipoprotein

Lipid-lowering substances

Several recent studies [1-6] with lipid-lowering substances have shown a
significant reduction in complications of this disease with drastic
reduction of low density lipoprotein cholesterol (LDL-C) levels.
However, a huge proportion of patients in secondary prevention remain
with inefficient treatment. [7, 8]

Pharmacological treatment of dyslipidemias is indicated primarily for
patients at medium and high risk for atherosclerosis and acute
pancreatitis. The higher the patient's risk, the greater the benefit with the
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been implemented and whether the selection of the drug is ideal for the
treatment of dyslipidemia and cardiovascular risk (or pancreatitis) for the
patient in question.

The indication for the use of lipid-lowering substances is set out in Chart
1.[9]
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Lipid values (mg/dl) High risk of atherosclerosis Medium . risk of | Low ”.SK of
atherosclerosis atherosclerosis
LDL-C > 190 Immediate + Lifestyle change Immediate + Lifestyle | Immediate + Lifestyle
change change
LDL-C > 160 Immediate + Lifestyle change Immediate + Lifestyle | After 3 months of lifestyle
change change
LDL-C > 130 Immediate + Lifestyle change After 3 months of lifestyle | After 6 months of lifestyle
change change
LDL-C 100 to 130 Immediate + Lifestyle change Lifestyle change Lifestyle change
LDL-C > 100 AMD* + Lifestyle change Lifestyle change Lifestyle change
. . . . Immediate + Lifestyle | Immediate + Lifestyle
Triglycerides > 500 Immediate + Lifestyle change change change
Triglycerides 150 to 499 Lifestyle change Lifestyle change Lifestyle change

Chart 1: Indications of lipid-lowering substances

LDL-C = Low Density Lipoprotein. *At medical discretion, based on studies such as HPS, [9] PROVE-IT TIMI 22 [1] REVERSAL, [2] TNT, [3]
ASTEROID [5] (it is suggested here to discuss with the patient the advantages and disadvantages of using pharmacotherapy for joint decision-
making).

The following will be discussed the various types of substances available
for the treatment of dyslipidemias.

Vastatins: also called statins, are considered worldwide as the first-line
pharmacotherapy for the treatment of hypercholesterolemia, being the
most efficient drugs to lower LDL-C, still presenting excellent
tolerability. According to Roberts, [10] vastatins are for atherosclerosis
just as penicillin is for infectious diseases. These substances reduce the
risk of death, myocardial infarction, need for myocardial
revascularization and ischemic stroke around 30%, as shown by the
MRC/BHF studies, [11] 4S, [12] CARE, [13] LIPID, [14] WOSCOPS,
[15] AFCAPS/TexCAPS, [16] ASCOT-LLA, [17] LIPS,[18]
CARDS,[19] MIRACL, [20] JUPITER, [6] and also slow progression or
even lead to regression of atherosclerotic disease, as shown in
REVERSAL [1] and ASTEROID studies [5].

It is important to note that this benefit occurred in secondary prevention
studies with high cholesterol (4S), with low cholesterol (LIPID);
borderline values (CARE); with in-normal cholesterol and with patients
with values considered even low (HPS); primary prevention with high
values (WOSCOPS); (AFCAPS/TexCAPS); in the primary prevention
group for cardiovascular events in hypertensive patients (ASCOT) and
diabetics (CARDS); patients with stabilized coronary disease (4S, CARE)
or acute ischemic syndrome (MIRACL).

Mechanism of action: The main mechanism of action of vastatins is
inhibition of the enzyme hydroxymethylglutaril-coenzyme A (HMG-
CoA) reductase. This enzyme is responsible for catalyzing the reaction
that transforms HMG-CoA into mevalonate, a reaction that is the limiting
factor of cholesterol synthesis.

Inhibition of this reaction leads to a decrease in cholesterol synthesis, with
an increase in the expression of LDL hepatic receptors, which leads to a
more pronounced removal of LDL lipoprotein particles from plasma. The

induction of the LDL receptor gene occurs by the action of SREBP
(steroid responsive element binding-protein), one of the peptides
responsible for intracellular cholesterol homeostasis [21].

Vastatins also lead to a decrease in triglycerides that is more modest than
cholesterol, being more evident when there is hypertriglyceridemia above
250 mg/dl. The mechanism for this effect may be by an increase in the
removal of very low density lipoprotein (VLDL) from plasma by the
greater expression of LDL receptors or even by a decreased hepatic
production of VLDL by the liver. [22]

In addition to decreasing triglycerides, the reduction of the hepatic
synthesis of VLDL also leads to a drop in LDL-C, which is independent
of the increase in LDL receptor expression, as shown by the study by Raal
et al., [23] in which, in 35 patients with homozygous family
hypercholesterolemia, atorvastatin at a dose of 80 mg/day led to a
decrease in LDL-C by 28%, and of these patients, 30 had a residual
activity of the LDL receptor; however, 5 were negative receptors and
obtained the same reduction rate, and this reduction was obtained with the
reduction of VLDL synthesis (and, consequently, LDL).

Effectiveness: All vastatins produce a significant reduction in LDL-C
(between 18 and 58%), with a more slight decrease in triglycerides
(between 7 and 30%) and a small increase in HDL-C (between 5 and
15%).

Chart 2 shows the effect of several vastatins on different dosages on the
decrease in LDL-C.

It is observed that the least potent vastatine is fluvastatin and the most
potent, rosuvastatin. It is also verified that, when doubling the dose of
vastatin, the reducing effect of LDL-C increases by only 6% on average,
and this fact is an important limiting factor to achieve the LDL-C goals
recommended by the current guidelines.

Vastatin 10 mg 20 mg 40 mg 80 mg
Fluvastatin 15 22 27 34
Pravastatin 22 25 30 -
Lovastatin 22 27 31 39
Sinvastatin 23 28 34 41
Atorvastatin 41 44 50 55
Rosuvastatin 46 52 56 -

Chart 2:

Percentage of LDL-C reduction by several vastatins at different mg/day dosages.
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LDL-C = low-density lipoprotein

There is also a great variation in the response to the effect of vastatins,
which may be due to genetic or environmental factors.

Among the genetic factors that affect the response to vastatin, what has
received greater attention is the ApoE gene, which can present three
isoforms: e2, e3 and e4, and one individual may have six different
genotypes: homozygote €2, e3 and e4 or heterozygotes e2/e3, e2/e4 and
e3/ed, knowing that the homozygous genotype €2 is the one with the
highest response, followed by homozygote €3 and homozygous e4 [24].
On the contrary, homozygous patients e4 respond better to the diet. This
seems to occur because carriers of the e4 allelo are better absorbers of
dietary cholesterol, with cholesterolemia being less dependent on the
cellular synthesis of cholesterol and, therefore, less sensitive to its
inhibition.

Among the extrinsic factors that can alter the response to vastatins, the
main ones are:

Adherence to diet

- Administration hours, being recommended its use in the evening after
dinner, due to the circadian rhythm of activity of HMG-CoA reductase,
which is more active at night

- Ingestion of foods containing fibers, mainly pectin and oat meal,
together with vastatins can lead to a decrease in their absorption [25].

- Concomitant administration of other drugs, especially those that are
metabolized by cytochrome P450 3A4. In this regard, substances that
induce this enzymatic system (carbamazepine, diphenyl-hyantoin,
rifampicin) decrease the effect of lovastatin, sinvastatin and atorvastatin,
while inhibitory substances of this system (cyclosporine, amiodarone,
diltiazem) increase the concentration of these drugs and consequently
their effect. Pravastatin, fluvastatin and rosvastatin, which do not have
their metabolism dependent on cytochrome P450 3A4, no longer suffer as
much interference from drugs that alter this system.

Pleiotropic effects: in addition to the effects that improve the lipid profile,
vastatins have important antiatherosclerotic vascular effects, with
improvement of endothelial function, decrease in the load of atheroma
determined by intravascular ultrasound and also anti-inflammatory and
immunomodulatory effects, which lead to reduced morbidity and
mortality. However, it is discussed whether these effects are due only to
the fact that vastatins reduce LDL-C or if these drugs have other actions
independent of it. The mevalonate, in addition to a cholesterol precursor,
is also of prenilated proteins, which are part of the cell signaling cascade
that affects the proliferation of smooth muscle cells [26, 27] and also of
geranilgeranil phosphate and ubiquinone which are important
components in several intracellular inflammatory signaling cascades.
Therefore, the decrease in the synthesis of these substances, by inhibiting
the formation of mevalonate, leads to less efficient inflammatory cell
signaling, resulting in decreased inflammatory cytokines.

It is also observed that vastatins, in addition to reducing LDL-C, have
other lipid effects: they increase absorption by endocytosis, degradation
and prevent LDL oxidation, decrease LDL accumulation in macrophages,
interfere in lipoprotein secretion and increase the expression of SRB1
receptors, important in reverse cholesterol transport.

It was also verified that vastatins selectively inhibit leukocyte function
antigen-1 [28] LFA-1 (also called aL-b2 or CD11a/CD18), a heterodum
that belongs to the family of b2 integrin and is involved in lymphocytic
recirculation, leukocyte scans at inflammation sites and activation of T
cells by antigen-presenting cells. This effect is independent of the
inhibition of HMG-CoA reductase and occurs by chemical binding of
vastatins in an alllosteric site within LFA-1, causing inhibition of the
receptor. This property of vastatins has been explored in studies for the
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treatment of psoriasis, rheumatoid arthritis, ischemia/reperfusion injury
and transplant rejection.

Perhaps related to this inhibition and/or also to the interference in the
formation of geranilgeranil phosphate and ubiquinone, is the effect related
to the decrease in transplant vasculopathy and the increase in survival that
is observed with the use of vastatins in transplanted patients.

Regarding cognitive function, there does seem to actually be a link
between hypercholesterolemia and Alzheimer's disease. Some studies
show the protective effect of vastatins, but not other lipid-lowering
factors, in the prevention of cognitive dysfunction [29, 30].

Still very debatable and awaiting the results of studies, is the effect of
vastatins on the improvement in osteoporosis and faster consolidation of
bone fractures.

Regarding the action of vastatins on bone metabolism, all recent data
available in the literature suggest a positive effect of these drugs on bone
mass, through 2 types of effects: inhibition of reabsorption and
stimulation of bone formation (anti-resorption and anabolic effects).
Therefore, in the near future, vastatins may appear among the substances
used in the prevention and treatment of osteoporosis, mainly due to the
current familiarity of clinicians with their use [31].

A beneficial effect of vastatin has also been shown to prevent
thromboembolism and thromboembolic phenomena.? In this study,
which randomized healthy men and women, the use of rosvastatin was
also demonstrated, the use of rosvastatin was associated with a 36%
reduction in the risk of thromboembolism, an effect that appears to be an
independent benefit from the use of this vastatin, in addition to reducing
the risk of arterial thrombosis. Expanding the treatment objective to
include thromboembolism prevention and death, in addition to arterial
thrombosis, significantly increases the estimated benefit of the use of
vastatins.

Safety and tolerability: vastatins are substances that have an excellent
safety profile, with a very low incidence of side effects, the most
important being hepatotoxicity and myopathy.

Asymptomatic changes in hepatic transaminases occur in 2 to 5% of
patients using vastatins, are temporary, reversible with drug suspension
and do not lead to liver failure or permanent liver injury. It is
recommended to discontinuation of the drug if transaminases exceed 3
times the higher normal values.

Myopathy accompanied by increased creatinephosphokinase (CPK)
rarely occurs (0.1%), as well as with rhabdomyolysis. Drugs (e.g.,
cyclosporine, antifungals, amiodarone, genfibrozil), hypothyroidism and
women with low weight are associated with a higher incidence of
myopathy and liver alterations, and these particular cases should be
monitored with greater care.

Patients using vastatins should be instructed to immediately report
symptoms of fatigue, muscle pain or weakness, fever, dark urine, or any
other symptom that appears shortly after the introduction of the drug or
increased dosage, as side effects grow at higher doses.

Other side effects include epigastric pain or burning, abdominal pain,
diarrhea, constipation, flatulence, headache, and urticariform or allergic
skin lesions. These effects are rarely important to the point of leading to
discontinuation of treatment.

The JUPITER [6] study showed a 28% increase in the incidence of
diabetes mellitus in patients who used rosuvastatin. Further analysis of
this study [33] found, however, that the benefits of reducing
cardiovascular events and mortality associated with the use of
rosuvastatin exceeded the risk of diabetes; it also showed that patients
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who developed diabetes were at increased risk for the development of this
disease.

No study has shown an association with the use of vastatins with a high
incidence of any type of cancer, anxiety, depression or other
psychological changes.

Dosage: As has already been said, the synthesis of cholesterol is higher at
night and in the early hours of the morning. Vastatins should therefore be
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administered after dinner or at bedtime. It should start with a small dose,
which should be increased until lipid targets can be achieved. If a
significant reduction in LDL-C (50%) is intended, it should be initiated
with a more potent vastatin (e.g., atorvastatin, rosuvastatin or, as will be
shown below, with an association). If a smaller reduction is desired,
something around 20 to 30%, one can start with any other vastatin. For
the minimum and maximum doses, see Chart 3.

Maximum doses

(mg/day)

doses

80

40

80

80

80

. Minimum
Vastatin (mg/day)
Fluvastatin 20
Pravastatin 20
Lovastatin 20
Sinvastatin 10
Atorvastatin 10
Rosuvastatin 5

40

Chart 3: Minimum and maximum doses of the various vastatins.

Contraindications: vastatins are contraindicated in active liver disease,
pregnancy and lactation, and in women of childbearing age, unless an
efficient contraceptive method is used. They should also be suspended in
conditions that may lead to renal failure due to rhabdomyolysis, such as
septicemia, hypotension, major surgeries, polytraumatized patients, etc.

In summary, vastatins are the drugs of choice for the treatment of
hypercholesterolemia. Its use, in general, is permanent. They should be
administered daily after dinner.

To achieve a reduction in LDL-C for high-risk patients at levels
recommended by the current guidelines, with a decrease of about 50% of
baseline LDL-C, atorvastatin at a dose of 80 mg/day and rosuvastatin at a
dose of 20 mg/day are more efficient. Vastatins can also be used in
conjunction with drugs that have a different mechanism of action to obtain
a synergism of action.

Contemporarily - Several drugs that are approved for clinical use. The
following stand out:

PCSKQ inhibitors: PCSK9 (proprotein convertase subtilisin/kexin type 9)
is an enzyme that is involved in the degradation of the LDL-C receptor in
the lysosome, preventing its recycling to the cell surface, thus reducing
the amount of LDL-C receptors available, with consequent elevation of
this lipid. Mutations with function gain that lead to an increase in the
expression of this enzyme therefore cause an increase in LDL-C, while
mutations that lead to a decrease in its expression decrease LDL-C [34,
35]. Antibodies against this protein have been developed and are already
in phase 3 studies of investigation, and release is expected for clinical use
soon.

Mipomersen: is an oligonucleotide inhibitor of ApoB synthesis. To date,
clinical studies with more than 800 patients have been researched, with
four phase 3 randomized, double-blind, placebo-controlled studies
involving approximately 400 patients. Mipomersen is rapidly absorbed
after subcutaneous administration, has an average half-life of about 30
days. It is metabolized by the enzyme class of nucleases, with renal
excretion of its metabolites. It is efficient in reducing all particles
containing ApoB and can be used alone or in combination with other
lipid-lowering substances, especially vastatins, obtaining a synergistic
effect [36, 37, 38].

Berberine: used in China for decades to treat diarrhea, is studied as a
reduction of LDL-C, acting with increased expression of LDL receptor by
a post-transcriptional mechanism. There are no clinical studies yet.
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Apoprotein A-1 (Apo A1) mimetic peptides: they are a-helix peptides that
form complexes with phospholipids, considered synthetic ApoA that,
when injected, behave like the original ApoA, increasing HDL.
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