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Abstract

INTRODUCTION: Dyslipidemic in diabetic patients is an important factor in the increase of
cardiovascular risk. The use of statins reduces mortality and cardiovascular risk, mainly by
decreasing LDL levels. AIMS: Review the cardiovascular risk in diabetic, the therapies used, their
benefits and risks. METHODS: The present review was conducted using the PICOs a search
strategy. By means of a literature search in CENTRAL (MEDLINE) via Pubmed and EMBASE
databases. RESULTS AND DISCUSSION: The studies included in the review presented as
outcomes to statin use the reduction of overall mortality between 10-14% in primary prevention with
risk factors for cardiovascular events. A 25% reduction in all-cause relative risk was noted, and a
trend toward a near 22% reduction in the number of fatal and nonfatal strokes. In 7 other clinical
trials, a 30% reduction in the number of fatal acute infarctions was estimated. CONCLUSION:
Secondary prevention is well established in diabetic patients using statins, its risks and benefits are
balanced with additional gain in longer life to the patient and low risk of complications. In primary
prevention there is a need for stratification of patients so that we achieve the greatest individual
benefit.

Keywords: Diabetes; Hypercholesterolemia; Cardiovascular Risk; Statins.

Introduction
Dyslipidemia is a cumulative risk factor alongside other metabolic disorders in patients with diabetes mellitus
(DM) that increases cardiovascular risk. In this patient group, atherogenesis is accelerated by quantitative and

qualitative characteristics of cholesterol patterns, suggesting higher cardiovascular risk (CVR).%.

According to the World Health Organization (WHO) and the International Diabetes Federation, it is estimated
that by 2045 there will be approximately 630 million people aged 20 to 70 diagnosed with type 2 diabetes
mellitus (DM). Complications associated with poor disease control are significant determinants in the costs of

public and private healthcare.2.
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Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of morbidity and mortality among
patients with DM, occurring up to 14.6 years earlier. Approximately two-thirds of deaths in these patients are

due to cardiovascular diseases (CVD).3

At the diagnosis of DM, dyslipidemia is found in 75-82% of patients. Therefore, an individualized and

intensive approach, both pharmacological and non-pharmacological, is necessary.

Clinically, the impact of dyslipidemia on cardiovascular outcomes was established following evaluations from
the "Coronary Drug Project” study. Elevated levels of Low Density Lipoprotein (LDL) were established as a

direct predictor of risk for mortality and morbidity outcomes related to CVD.

In diabetic patients, the approach to dyslipidemia has been intensively modified with the aim of achieving
increasingly challenging reductions, due to gains in life expectancy, cost savings to healthcare systems
worldwide, and prevention of cardiovascular events through lowering levels of low-density lipoprotein
cholesterol (LDL-C).

The aim of this study is to review cardiovascular risk (CVR), especially in patients with DM, the therapies

used, their benefits, and risks.

Methodology

The exploratory review was conducted using an evidence-based review method and aimed to answer the
following question: The use of statins is able to prevent cardiovascular outcomes associated with dyslipidemia,
and pharmacological therapies are effective and safe?

The search strategy was constructed based on the PICOs framework:

e P (population): population at increased risk of dyslipidemia;
e | (intervention): pharmacological therapy for dyslipidemia;
e C (comparator): placebo;

e O (outcomes): cholesterol control, cardiovascular outcomes, adverse events, and serious adverse events;
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e S (studies): randomized clinical trials, literature reviews, systematic reviews, and cohort studies published
from 2000 to 2021;

A review was conducted in the CENTRAL (MEDLINE) database via PubMed and EMBASE, using keywords
to search for scientific articles evaluating the treatment of dyslipidemia. Double-blind, randomized, controlled
clinical trials, systematic reviews, literature reviews, and meta-analyses on dyslipidemia treatment published
from 1990 to 2022 were selected.

The sample size calculation was not conducted, as this is a narrative review.
As research instruments, databases available in major methodological references were used.

The search strategy will be adapted to the equivalent language of other reference databases in possible

databases.

° LILACS (Latin American and Caribbean Health Sciences Literature);
° MEDLINE (Medlars On Line)

° The Cochrane Central Register of Controlled Trials (CENTRAL);

° PUBMED

The sampling consisted of a two-stage analysis; in the first stage, a simple random sample of studies that meet
the eligibility criteria according to the Jadad scale will be conducted. In the second stage, studies that allowed

the evaluation of the desired objectives were included.

The data will be stored in the Access 2013 program, Microsoft Corporation® USA. For statistical analysis, the
SPSS 21.0 program, IBM®SPSS Statistics, will be used.

With the method adopted for this research, no risks for patients were identified.
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Results

In this review, 6 articles were included, encompassing systematic reviews, clinical trials, and literature
reviews. Based on the reading of these articles, we organized Table | to highlight aspects such as: article
authorship, study design, main data obtained regarding samples/location, participant characteristics, and the
main results of the respective articles, focusing primarily on the comparison of cardiovascular outcomes based

on the therapeutic approach studied by the authors.

Table I. Main results of the meta-analyses included in this review

Author fd sample / hanicipanty. Main resuls
C Baigent et Meta-analyses of 169,138 patients, of In trials comparing more aggressive
al.* individual whom 87,903 were therapy versus less intensive statin therapy,
participant data women and 25,920 the weighted mean reduction in LDL at 1
Systematic from randomized had a diagnosis of year was 0.51 mmol/L. Compared to less
Review trials involving at diabetes. 41% of the intensive regimens, more intensive
least 1000 sample did not have regimens resulted in a highly significant
participants and at established 15% additional reduction in major vascular
least 2 years of cardiovascular events, consisting of separately significant
treatment duration disease. reductions in coronary death or non-fatal
comparing more myocardial infarction of 13%, coronary
versus less revascularization of 19%, and ischemic
intensive statin stroke of 16%.
regimens.
Median follow-up of 1.9 years (maximum,
5.0). The use of Rosuvastatin reduced LDL
levels by 50% and high-sensitivity
C-reactive protein levels by 37%. The rates
Paul M 17,802 apparently of the primary endpoint were 0.77 and 1.36
Ridkeret al.5 . healthy men and per 100 years of follow-up in the
Randomized e rosuvastatin and placebo groups,
Clinical clinical trial of respectively, with corresponding rates of
Trial 17,802 apparently 0.17 and 0.37 for myocardial infarction,
healthy men and 0.18 and 0.34 for
women. stroke, 0.41 and 0.77 for revascularization
or unstable angina, 0.45 and 0.85 for the
combined endpoint of myocardial
infarction, stroke, or death from
cardiovascular causes, and 1.00 and 1.25
for death from any cause. Consistent effects
were observed in all evaluated subgroups.
The rosuvastatin group did not have a
significant increase in myopathy or cancer
but had a higher incidence of physician-
reported diabetes.
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Rory Collins
et al.6

Systematic
Review

Review
comprising 308
articles that
analyze the main
aspects of
cholesterol
reduction and
cardiovascular
risk reduction, as
well as the profile
of side effects.

(The original table did

not include the

characteristic of
patients)

Reducing LDL cholesterol by 2 mmol/L
with an effective low-cost statin regimen
(e.g., atorvastatin 40 mg per day for 5 years
in 10,000 patients) would typically prevent
major vascular events from occurring in
about 1000 high-risk patients (i.e., 10%
absolute benefit) with pre-existing
occlusive vascular disease (secondary
prevention) and in 500 patients (i.e., 5%
absolute benefit) who are at higher risk but
have not yet had a vascular event (primary
prevention). Since statin therapy further
reduces the risk of vascular events during
each year it is taken, longer therapy would
yield even greater absolute benefits. The
only adverse events definitively shown to
be caused by statin therapy — that is,
adverse effects of statins — are myopathy
(specifically defined as muscle pain or
weakness combined with large increases in
blood concentrations of creatine kinase)
and diabetes.

James A.
Blument hal et
al.7

Randomized
Clinical
Trial

Voluntary sample
of 160 older
sedentary adults
with
cardiovascular
disease (CVD)
followed at an
academic tertiary
care medical
center.

Patients over 60 years
old enrolled in the
ILLUMINATE trial
between December
2011 and March 2016.

The prevalence of obesity, central obesity,
and lipids were elevated at 13%, 11%, and
>20%, respectively, and 70% of the
children had at least one cardiometabolic
risk factor. Most correlations between
obesity and central obesity indicators were
moderate to strong (0.40 < r < 0.96).
Obesity was positively, but weakly
associated with C-reactive protein in both
sexes and with homeostasis model
assessment of insulin resistance only in
girls (all r < 0.3, P < 0.05). Obesity
indicators were not related to interleukin-6
concentrations and lipids (P > 0.05).
Overall, obesity indicators explained a
maximum of 8% of the variability in
cardiometabolic risk factors.

Richard Kones
et al.8

Non-
Ssystematic
Literature
Review

516 randomized
clinical trials,
cohort studies,

and prospective

studies.

Heterogeneous and
multivariate analysis
not amenable to
individual
comparison.
Heterogeneous
profiles.

In primary prevention, traditional risk
factors used in combination to generate
global scores do not predict risk
sufficiently, nor do they adequately
discriminate between those who will have
cardiovascular events and those who will
not. Defining the best approach to
cardiovascular prevention cannot currently
be based solely on hard endpoint data but
partly on evidence-based synthesis using
inductive reasoning.
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BMI: Body Mass Index; CVD: Cardiovascular Diseases; IR: Insulin Resistance.
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Discussion

Atherogenic Dyslipidemia and Cardiovascular Risk

On average, 25% of body cholesterol is obtained from the diet, and 75% is synthesized in hepatocytes via
the mevalonate pathway. In the bloodstream, cholesterol is transported in the form of lipoproteins, especially
LDL and high-density lipoprotein (HDL). The regulation of the transport process occurs through
apolipoproteins.10-12

Atherogenesis is a process characterized by the gradual and linear oxidation of vascular structures through
the formation of foam cells (FCs), macrophages filled with cholesterol molecules with a pro-inflammatory
phenotype, in the intima and media layers. This process exhibits different biomolecular characteristics in

certain individuals.13

Patients with insulin resistance (IR), such as in DM and metabolic syndrome (MS), exhibit accelerated

oxidation of FCs compared to patients without IR.

There is deposition of a molecule called Small Dense LDL (sd-LDL), a smaller phenotype of LDL-C with
higher affinity for proteoglycans in the arterial wall, a higher percentage of apolipoprotein B, and more
susceptible to glycation. It is associated with elevated triglyceride (TG) levels and low HDL-C concentration,
accelerated lipolysis and proteolysis processes, acting as a chronic stimulator of inflammation. There is
activation of the coagulation cascade to express adhesion molecules on the surface that bind to receptors on

circulating monocytes and stimulate migration to the intima.14
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Figure 1 - Chylomicron remnants accumulation contributes to the progression of atherosclerotic plaque
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Image provided free of charge Copyright 2017 Japan Atherosclerosis Society. This article is distributed under the terms of the
latest version of the CC BY-NC-SA Creative Commons Attribution license. http://creativecommons.org/licenses/by-nc-sa/3.0/

Legend: Many metabolic disorders are associated with the accumulation of chylomicron remnants and high
concentrations of apolipoprotein B-48, such as Chronic Kidney Disease, Metabolic Syndrome, Impaired
Glucose Tolerance, Diabetes Mellitus, Postprandial Hypertriglyceridemia and Type 111 Hyperlipidemia. In
serum, chylomicron remnants can directly penetrate into the arterial wall and infiltrate the subendothelial
space, contributing to systemic inflammation, platelet activation, smooth muscle cell proliferation, monocyte
adhesion, endothelial cell apoptosis, and the proliferation of foam cells rich in cholesterol. Atherosclerotic
tissues exhibit a significantly higher concentration of chylomicron remnants, suggesting it is a primary cause

of atherosclerosis.

Dyslipidemia has multiple and interactive pathophysiology that not only includes the atherosclerotic process.
Several factors contribute to the phenomenon of accelerated atherosclerosis, such as: systemic arterial
hypertension (SAH), IR, obesity, and the new concept of visceral fat.15

Recent evidence suggests that the most important factor in atherogenesis is the binding of modified LDL to
Toll-like receptors (TLRs), which is the main trigger for the secretion of these pro-inflammatory factors.
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Activation of TLRs triggers the NF-Kappa B pathway and activating protein-1, which modulate the
expression of pro-inflammatory cytokines. Internalization into macrophages by scavenger receptors is
responsible for inflammasome activation, stimulating the secretion of IL-1p, which favors plaque progression
and instability.15,16

Although LDL is recognized as the main source of intracellular lipid accumulation in the plaque, native LDL

particles do not cause accumulation in cultured cells, therefore, they seem to lack atherogenicity.15
The pathophysiological explanation of this phenomenon has some theories, which are:

1. Due to their higher density, they have lower affinity with endothelial LDL receptors, resulting in
longer circulation time and a tendency to establish vascular deposits and oxidative phenomena;

2. They penetrate the arterial vascular intima more easily and bind more readily to proteoglycan
structures of the wall, favoring the development of cholesterol streaks;

3. They are molecules more susceptible to oxidation and FCs formation.

HDL and its potential for cardiovascular protection

Low plasma levels of HDL-C appear to represent a robust and independent marker of increased
cardiovascular risk. However, no significant evidence demonstrates that this is additive in premature
ASCVD. HDL levels may contribute to atheroprotection through cellular cholesterol efflux, attenuating
inflammation, cell apoptosis, and platelet cascade activation.17

One of the components linking the biological functions of HDL to ASCVD focuses on the defective function
of HDL in low HDL-C dyslipidemias. Impaired cholesterol reverse transport pathway suggests accelerated
atherosclerosis in individuals with Tangier disease among other dyslipidemias.14

Despite advances and improvements in the management of CVD, reliable tests are still needed to estimate
this risk. Epidemiological studies suggest an inverse association between cardiovascular risk and plasma
HDL concentration. While clinical trials have not yet shown that management with pharmacological
elevation of HDL would be predictors in reducing mortality or providing direct benefit to primary outcomes
in patients.18,19
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Visceral Fat and Cardiovascular Risk

Visceral adiposity promotes systemic and vascular inflammation that is fundamental to CVD, from the

development of endothelial streaks to atherothrombosis.20

There is an increase in the probability and speed of LDL oxidation. Especially in obese patients, there is a
reduction in the antioxidative potential in nitric oxide molecules. Several prospective epidemiological studies
correlate patients with higher levels of visceral fat with the incidence of death, fatal and non-fatal Ml,
peripheral arterial disease, arterial revascularization, fatal and non-fatal stroke, and deaths from all causes
(MACE).

Epicardial fat shares many of the pathophysiological properties of other visceral fat deposits, similar to excess
hepatic fat, and both appear to be a central factor responsible for several cardiometabolic complications and
association with MACE.9

Studies prove that epicardial fat volume is a modifiable cardiometabolic risk factor that presents a therapeutic
target. Reduction can be achieved through weight loss, bariatric surgery, or pharmacological treatments.9,21

In obese patients, weight loss is associated with an increase in the adiponectin/leptin ratio and a reduction in
pro-inflammatory cytokines, as well as mortality from various causes. Regarding the use of GLP-1, the

results are similar. The epicardium presents receptors for this hormone, which favors its action.

Physical activity, especially aerobic exercise, is associated with improved insulin sensitivity, endothelial
function, and reduction of pro-inflammatory markers, independent of weight loss. Lifestyle changes have
been shown to reduce visceral fat and ectopic fat. The Look AHEAD study demonstrates that a loss of >10%

of body weight is associated with significant reductions in cardiovascular events.4,9

Given the prospect and possibility of percentage reduction in this fat, various observational and intervention
studies seek to develop cardiovascular health scores with correlations between visceral/epicardial adipose
tissue, abdominal circumference, blood pressure, insulin resistance, and dyslipidemia. These constitute future

alternatives in the stratification and optimization of intensive patient treatment.
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Hypertriglyceridemia and residual cardiovascular risk

In hypertriglyceridemia, it is common to have subnormal levels of HDL-C and elevated TG content in HDL
particles secondary to the action of cholesteryl ester transfer protein. Subnormal levels of HDL-C result from
significant changes in cholesterol metabolism, as typified by common dyslipidemic states:

hypertriglyceridemia, hypercholesterolemia, and mixed dyslipidemia.

The properties of HDL molecules are less beneficial than in patients without metabolic syndrome. In patients

with IR, it appears that denser chylomicron molecules rise and exhibit a more pronounced oxidative potential.

Other risk factors such as age, hypertension, metabolic syndrome, smoking, and sedentary lifestyle, along
with various other factors, contribute to the formation of the so-called Residual Cardiovascular Risk, which

statin use is unable to reduce.

Furthermore, the vascular inflammatory process appears to result in increased sodium and water retention,

leading to intravascular volume overload.

Pharmacological Treatment for Atherogenic Dyslipidemia
11  STATIN MEDICATIONS
1.2  Effectiveness of Statins and Therapeutic Targets

Statins are medications that inhibit the intracellular enzyme called Hydroxymethylglutaryl-CoA Reductase
(HMG-CoA), which is responsible for cholesterol synthesis. By blocking HMG-CoA and the pathway of
synthesis of sterol regulatory element-binding proteins (SREBPS), there is increased expression of LDL
receptors. Additionally, there is a direct reduction in the production of the precursor metabolite for cholesterol

synthesis, Mevalonic Acid. This leads to an indirect reduction in VLDL and TG synthesis.22

The use of statins in primary prevention is suggested when the patient has a high risk in CVD stratification,

meaning when this risk over 10 years is greater than or equal to 10%.

In secondary prevention, the use of statins is well-established to reduce mortality and MACE. Randomized
clinical trials demonstrate that reducing LDL cholesterol reduces the risk of events proportionally to the

absolute decrease in its values, independent of other risk factors.6,7
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Meta-analyses of large studies, such as the CTT, confirm that statin therapy reduces overall mortality by 10-
14% even in primary prevention. The CTT study defines a reduction in relative risk (RR) by 25% in
cardiovascular deaths from all causes and by 22% in strokes. Seven other clinical trials estimated a reduction
in RR by 30% in the number of fatal heart attacks.23-25

In general, the Number Needed to Treat (NNT) to prevent 1 death from any cause with statin use varies but
has approached similar values in different studies. When assessing all-cause mortality in low-risk patients,
the NNT to prevent one death ranges from 250 to 138. In high-risk patients, the NNT ranged from 20 to 54.
In secondary prevention, the NNT for deaths ranged from 11 to 53. As for reducing non-fatal heart attacks,

this value was close to 39.28-30

Three major studies, 4S, LIPID, and TNT, demonstrate in secondary prevention a reduction in RR of new

events by 42%, 24%, and 22%, respectively.

1.2 Adverse events associated with statins

Statins generally have good tolerability, and their use rarely causes serious complications. However, it is
important to address some occurrences, such as the risk of diabetes, musculoskeletal effects, liver diseases,

and cognitive deficits.

1.2.1 Glucose Intolerance

The mechanisms by which statin use induces hyperglycemia are not fully understood. Chronic statin use
increases gluconeogenesis and impairs insulin signaling pathway and GLUT-4 transporter.29

Pancreatic 3 cells are also compromised by statin use, as they alter circulating free fatty acids (FFAs), which
are strongly related to adiponectin and leptin. These hormones cause damage to 3 cells, affecting adipocyte

maturation and differentiation.29

1.2.2 Skeletal Muscle Effects

The main adverse event associated with statins is myopathy, especially myalgia. On average, around 2 to
10% of patients experience this symptom, whether related to the elevation of muscle inflammatory markers
or not. The PRIMO study assessed this adverse event in 7,924 patients. The average time between the onset
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of side effects and the use of statins was 1 to 6 months.30,31

Myalgia is a differential diagnosis established after excluding other causes. In the case of myalgia, there is
no elevation in CPK levels. In myopathy, CPK levels and Glutamic-oxaloacetic transaminase (AST)/Alanine
aminotransferase (ALT) increase. Clinical trials and meta-analyses have shown serious complications such

as rhabdomyolysis with an incidence of <0.01%.31

All major trials and meta-analyses involving statin use have concluded that the overall benefit of their use

outweighs the risk associated with myopathies.29,31

1.2.3 Cognitive Impairment

Statin use may contribute to cognitive impairment, such as reversible memory loss, after discontinuation of

the medication. According to the Food and Drug Administration

(FDA), cognitive decline is not clinically significant; however, it may cause functional deficits and loss of
quality of life. Statin therapy should be evaluated due to mild cognitive impairment, vascular dementia, and

Alzheimer's disease. 30

2. EZETIMIBE - Intestinal cholesterol absorption inhibitors

Ezetimibe acts on the microvilli of the intestinal lumen, blocking the NPC1-L1 enzyme (Niemann-Pick C1-
Like 1). There is increased cellular expression of LDL receptors with reduced hepatic cholesterol synthesis
and increased serum absorption, reducing the amount of circulating cholesterol. Alone, it reduces LDL-C by
an average of 10-18%, but there are no studies with well-established results on the benefit of monotherapy

in reducing cardiovascular mortality.32

The IMPROVE-IT study brought a potential breakthrough for Ezetimibe when added to Simvastatin, leading
to a cholesterol reduction close to 25%, enhancing the potency of statins. The aggressive reduction of
cholesterol from this combination has promoted the emergence of new therapeutic tools for dyslipidemia in

high-risk and very high-risk patients.30

Compared to a group using Ezetimibe + Simvastatin 40mg (group 1) "versus" patients using simvastatin
40mg/day (group 2), a reduction of 7.2% in major vascular events was observed, with a need to treat 50

patients to prevent one death from all causes. Patients with DM showed greater benefit with
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ezetimibe/simvastatin, with a 14% reduction in the odds ratio of cardiovascular death. 32

The indications for Ezetimibe include its use in combination with statins when reduction targets have not
been achieved and in patients who need to lower their cholesterol levels but have some contraindication to
statin use or an increase in their dose. Adverse events are rare and minor, mainly non-serious gastrointestinal

symptoms.32

3. PCSKO9 Inhibitor

PCSKOQ inhibitors (iPCSK9) are monoclonal antibodies that act by preventing PCSK9 from binding to the
LDL receptor, increasing its availability in hepatocytes, thus allowing a marked reduction in serum LDL-C
levels and in the secondary risk of CVD in patients with genetic disorders associated with dyslipidemia
alleles. 31-33

Therefore, the FOURIER, ODISSEY, and SPIRE-2 studies suggest that PCSK9 inhibitors (Evolocumab and
Alirocumab) can be safely used in patients with statin intolerance and/or therapeutic failure, without a

significant increase in adverse events related to skeletal muscle.32-35

It seems advantageous to combine iIPCSK9 with high-intensity statins due to their effect on stabilizing
atherosclerotic plaques and reducing cholesterol levels. There are no robust studies confirming the additive
potential of dual lipid-lowering therapy in reducing cardiovascular mortality. However, it is possible to
extend the results of the CTT 2010 study, which associates lower LDL levels with a reduction in relative

risk.

The therapeutic and pharmacological safety is well established, making it a safe medication from a

pharmacokinetic perspective.

Although there are randomized clinical trials available, meta-analyses on the topic still need to be better
developed. The high cost of these medications is a limiting factor in their prescriptions, as well as the lack of

studies demonstrating efficacy in homozygous monogenic familial dyslipidemias.32-35

The first step in the therapy for patients with dyslipidemia consists of non-pharmacological treatments,
followed by the use of high-potency statins. Simulation model studies demonstrate that approximately 30%
of patients with hypercholesterolemia will achieve expected reduction goals with these measures alone.42

The next step will be to consider the use of Ezetimibe, and in case of therapeutic failure, evaluate the
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prescription of an iPCSK9.32-35

4. Fibrates

Fibrates are important medications for addressing risks associated with hypertriglyceridemia. They act by
activating peroxisome proliferator-activated receptor alpha (PPAR-alpha) receptors. They have a good
response in fasting and postprandial triglyceride levels, with a possible additive effect in reducing LDL

cholesterol.

Several studies have presented inconclusive results regarding the cardiovascular effect in patients with TG
levels <500. The effective reduction of LDL cholesterol levels is still controversial and seems to be related
to the reduction of TG itself, given that there is a paradoxical elevation of LDL in high TG levels.

Another important effect associated with fibrates is the elevation of HDL cholesterol through increased levels

of Apolipoprotein Al.

In different studies such as FIELD, ACCORD, and LEADER, there was no additional benefit in using fibrates
alongside statins. The LEADER study even sought to explore the potential benefit of using Gemfibrozil but

also did not show evidence.

Therefore, the isolated use of fibrates for reducing cardiovascular outcomes is not a recommended practice.

5. OMEGA-3

Omega-3 are oily derivatives from fish commonly found in cold waters, with Docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA) being the most important. At the liver level, these derivatives inhibit the

synthesis of TG.

The REDUCE-IT study, published in 2019, evaluated the impact of using 4g/day of EPA versus placebo
(mineral oil) in patients at high cardiovascular risk and undergoing statin treatment. A total of 8,179 patients

were assessed for an average of

4.9 years. The risk of ischemic events, including cardiovascular death, was significantly lower (25%) in those
who received EPA.36

The STRENGTH study, published in 2020, found different results. 13,078 high-risk cardiovascular
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participants undergoing statin treatment were given either 4g/day of omega-3 or corn oil. This study was
projected to last 4.5 years but was stopped early due to the low likelihood of demonstrating a clinical benefit

of omega-3 compared to corn o0il.37

The TG level was reduced by 18% after 12 months in both groups. Both studies also identified a small

increase in new cases of atrial fibrillation compared to placebos.36,37

Omega-3 has become an important therapy to be considered, especially in patients with hypertriglyceridemia
already undergoing optimized statin treatment, as an alternative to further reduce cardiovascular risk.

Table Il - Most commonly used medications in clinical practice for the treatment of dyslipidemia, adverse

events and contraindications

MEDICINE EFFECTONLIPID |ADVERSEEFFECTS |CONTRAINDICATIO
PROFILE NS

STATIN LDL 18-33% 3 Altered ghycemic Statin-induced

metabolizm thabdomryolysis;
HDL Liver failure
5.15% t Myopathy Pharmacologic
Hepatic alterationz al combination

TG
7-30%

EZETIMIBE LDL 3 Fare symptoms inthe  Unknown
15-25%0* gastrointestinal tract
HDL 5-10%a
TG
10%a

PCSKD LDL Formation of Not establizhed
e 60% autoantibodies with
DL reduced action potemntial
1% 1
TG
12-19% &

Raphael de Magalhaes Cipriano, (2025). Atherogenic Dyslipidemia in Diabetes Mellitus: A Literature
Review of Pathophysiology and Potential Drugs for Treatment. MAR Diabetes, Endocrinology and
Obesity 2:5



Raphael de Magalhdes Cipriano, MAR Diabetes, Endocrinology and Obesity (2025) 2:5

Page 18 of 24

EXCHANGE RESIN

LOMITAPIDE

FIBRATES

NICOTINIC ACID

OMEGA-3

LDL 15-20%8

HDL 3-3% ..,
TG

e

LDL 54%* §
HDL t
-16%

TG

66% :
Lipoproteinz 31%
LDL

5- 20%5

HDL

10— 20%% '
TG

w-500 §
LDL
sas, @

HDL
15-33%¢ T

G
0-30%

LDL
3-10%

HDL
MNentro,

TG
23-43%? 3

Gastroimtestinal
symptoms

Malabzorption
syndromes

Risk of hepatotoxicity;

Eeduced absorption of
fat-zoluble vitamins and
serum fatty acids;

Gastrointestinal adverse
reactiomns.

Myopathies

Gallstone Dizeasze

Hepatotoxicity
Hyperuricemia Faedal

fluzhing

Gastromtestinal

Hypertrighyceridemia
Disbetalipoprotetnems
a

Diug hypersensitivity;

Child-Pugh clasz B or
C hepatic
msufficiency;

Inflarnmatory bowel
dizease;

Simvastatin
=40mg/day.

DRC TFG <30

Advanced
Insufficiency

Crystal arthritiz
Advanced liver

dizeaze

Hypersensitovity to
Omega-3

*Additional reduction when used alongside statins. * Fluctuating variation. No long-term beneficial effects
on HDL. 2 There was no benefit in this increase and in reducing cardiovascular risk. 2 When used at doses
between 2-4% in patients intolerant or contraindicated to other medications.
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6. Mipormesen

Another important therapy for patients with hypercholesterolemia, not yet approved in Brazil, is
Mipomersen. The use of this medication, when combined with a statin in patients with familial
hypercholesterolemia, reduces LDL-C by between 25% and 28%.38-40

Mipomersen is an antisense oligonucleotide targeting apolipoprotein B-100, which is essential for the
synthesis of LDL and VLDL. These molecules use synthetic DNA structures to target specific messenger
RNA structures and are responsible for encoding apo B 100 synthesis. Consequently, mipomersen inhibits
protein transcription and its intracellular concentration, leading to a final reduction in the synthesis of LDL

molecules and atherogenesis.38-40

The most common adverse events are related to local application of the medication, such as erythema, itching,
and pain. The most serious adverse effect of this medication is hepatotoxicity, although it is uncommon. It is
contraindicated in patients with severe liver dysfunction and should be prescribed with caution in patients

using hepatotoxic medications.

Before initiating its prescription, it is suggested to perform laboratory tests for serum levels of transaminases,
alkaline phosphatase, and total bilirubin, as well as serum levels of total cholesterol and fractions every 3

months, aiming for maximum reduction in LDL cholesterol after 6 months of using this medication.38-40

Conclusion

The challenges in therapy and controlling cardiovascular mortality in patients with diabetes associated with
lipid-lowering therapy still present significant barriers. Although this therapy is well-established for
secondary prevention, recent meta-analyses suggest a need for clarification in certain specific groups,

especially young diabetic individuals in primary prevention.

The excess of cardiovascular deaths, even in patients with optimized cholesterol therapy, is attributed to the
so-called residual effect. Intensive control of blood pressure and glycated hemoglobin levels, along with non-
pharmacological measures, is necessary. Additionally, there's a need to more precisely stratify cardiovascular

risk.

Statin therapy reduces cardiovascular risk and overall mortality events significantly. The use of statins is
beneficial as primary prevention in patients without established CVD but with risk factors, also reducing
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mortality in this setting. Adverse events of lipid-lowering medications are often reported in studies, but the

benefits outweigh the risk of complications.
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