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This text, named «Dyslipidemia, the deadly 
epidemic flagellum that harms the vessels 

and the heart» is the final product of the efforts 
of Dr. Edith Ruiz-Gastélum, Coordinator of the 
Dyslipidemias and Atherosclerosis Chapter 
of our Association, who led a group of hard-
working academic-oriented cardiologists, 
endocrinologists, geneticists, basic scientists, 
and nutritionists, to review extensively and in 
depth, many basic, clinical, therapeutic and 
preventive aspects of lipid disorders, and their 
relationship with atherosclerotic cardiovascular 
diseases (ASCVD).

Once the  in famous  pandemic  o f 
COVID-19 finally fades away due to an 
extensive vaccination, the panendemic of 
some cardio-metabolic chronic degenerative 
diseases or conditions, as dyslipidemias, high 
blood pressure, obesity, diabetes, heart failure, 
and ASCVD, among others, still be there, 
attempting against the well-being, the health, 
the economy, and the happiness of humans. 
Very unfortunately, for these pathological 
conditions there is not the relatively simple 
preventive resource of a vaccine. Their control 
demands multiple actions from different actors, 
all united in a bundle of wills and coordinated 
efforts. What the human genre needs to 
knock-out these scourges are wise and brave 
public health policies from the executive 
branch of our governments, the legal support 
from the legislative branches and the judiciary 
power, the understanding and collaboration 
of food enterprises, the everlasting and 
fruitful alliance with the pharmaceutical and 
medical supplies industries, the collaboration 
from the mass media, the acceptance of the 

whole civil society, and the therapeutic and 
preventive attitudes from all physicians and 
other estimable members of the health team 
(basic scientists, nurses, medical technicians, 
clinical chemists, nutritionists, geneticists, 
psychologists, etc.).

Lipidology is riding on the crest of a wave of 
constant renovation and innovation. Every day 
there are new discoveries about the molecular 
and pathophysiological bases of dyslipidemias 
and atherosclerosis, and new diagnostic and 
pharmacological tools. That spiral of progress 
forces the practitioner to be up to date, to 
provide patients with the best and most modern 
and scientific medicine. This is the intention 
of the courses about dyslipidemias organized 
by Dr. Ruiz-Gastélum, and that is indeed the 
purpose of this text. The more theoretical 
preparation that general practitioners and 
specialists should acquire, the greater the 
detection of patients with dyslipidemia and the 
better their clinical care and prognosis.

We wish to thank Dr. Ruiz-Gastélum for the 
trust she placed in us to carry out the technical 
and editing review of this text. Considering that 
in this field of medicine, as in others of human 
knowledge, there are no absolute truths, nor 
holders of supreme and irrefutable authority, 
and accepting naturally that there are areas of 
conflict and controversy, these editors always 
respected the central ideas of the authors. In 
consequence, each author is responsible for 
the concepts expressed freely in her or his text.

We would like to manifest our gratitude 
to the two Presidents of the Association under 
whose auspices the lipid courses were held, 
and this text was written: Dr. Gabriela Borrayo-
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Sánchez, current President of ANCAM and 
Dr. Pedro Gutiérrez Fajardo, immediate past 
President. Both generously and in solidarity 
supported the efforts of this group.

Finally, last but not least, as the classics use 
to say, we want to express our appreciation to 
all authors for their exemplary performance and 

dedication, and to our Medigraphic editors for 
their patience and collaborative spirit.

Correspondence:
Eduardo Meaney, MD, PhD
E-mail: lalitomini1@gmail.com
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The epidemiological scope 
of dyslipidemias

Since the discovery of low-densi ty 
lipoproteins (LDL-c) by John Gofman in 

1955, the contribution of this knowledge to the 
development of the Framingham study (focused 
on cardiovascular risk), the meritorious scientific 
studies in this topic of eleven scientists awarded 
with the Nobel Prize, and the introduction of 
statins, the importance of dyslipidemias and 
their impact on the burden of cardiovascular 
morbidity and mortality associated with 
atherosclerosis have been widely recognized.1 
Dyslipidemias have become an important 
public health challenge around the world, as 
they are considered one of the paramount risk 
factors of the two main causes of mortality 
in the world according to the World Health 
Organization: ischemic heart disease and 
stroke.2 In the United States MESA multi-
ethnic trial population, that included persons 
without evident cardiovascular disease (CVD), 
close to one third of the study participants had 
elevated concentrations of cholesterol linked 
to low-density lipoprotein (LDL-c) and about 
two thirds had hypertriglyceridemia.3 The 
proportions of elevated LDL-c and decreased 
concentrations of the cholesterol linked to 
high-density lipoprotein (HDL-c), are higher 
in urban than in rural areas.4 In Canada, the 
prevalence of dyslipidemia is 45% in persons 
aged 18 to 79 years, 57% of respondents of 
a national survey were not aware of their 

condition, and only 19% of persons with 
dyslipidemias had their lipid concentrations, 
below the recommended levels. Of those 
taking medications, only 41% reached the 
recommended Canadian target of LDL-c < 77 
mg/dL or an Apo B concentration < 0.8 g/L.5 In 
France, the prevalence of hypercholesterolemia 
was 23.3% (27.8% men and 19.0% women) 
and only 7.2% were treated (8.5% men and 
5.8% women), Only 29.7% of adults on 
secondary prevention medications attained a 
reduction in lipids within 6 months.6

Although the elevation of cholesterol is 
considered more frequent among the western 
rich countries, the diet and some other 
environmental determinants have extended this 
disorder worldwide. Overall, the measurement 
of blood lipids in 102.6 million individuals 
aged 18 years and over to estimate trends in a 
period between 1980 to 2018 in 200 countries 
did not show remarkable differences in total 
and non-HDL cholesterol (HDL-c) in that 
lapse. However, those lipids increased in both, 
low- and middle-income nations (mainly some 
Asians populations). Contrarywise, the two 
cholesterols decreased in some high-income 
western European, North American nations 
and Australia, phenomenon that shifted the 
epicenter of the dyslipidemia epidemic from 
Europe and North America to Asia and the 
Pacific area. While cardiovascular mortality 
decreased in most of the industrialized western 
nations, in 2017, high non-HDL cholesterol 
caused about 3.9 million of deaths worldwide, 
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half of which happened in East, Southeast, and 
South Asia. These facts clearly indicate the 
cost of acculturation secondary to the rapid 
industrialization and the abandonment of the 
traditional lifestyles of many populations, for 
the sake of globalization.7

In Mexico, we are having a similar situation, 
due to a rapid epidemiological, nutritional, 
and anthropometric transition, that affects in 
a non-homogeneous way several regions of 
the country. The last national health survey 
in which lipids were measured (ENSANUT 
2012), revealed that more than half of 
the surveyed population had low levels of 
HDL-c (hypoalphalipoproteinemia) and LDL 
hypercholesterolemia. Almost half of the 
respondents had hypertriglyceridemia. The 
disappointing rates of patient’s awareness, 
treatment and control of the lipid disorders 
were, respectively, 12.6, 3.7 and 3.1%.8 
An ENSANUT 2012 contemporary multiple 
primary intervention trial carried out in 
Mexico City, the Lindavista study, showed 
that more than two thirds of the studied 
sample of a middle-class urban population 
had hypoalphalipoproteinemia, one third had 
total cholesterol values ≥ 240 mg/dL, 35% of 
the participants had values of LDL-c ≥ 130 mg/
dL, and about half of them had triglycerides 
concentrations ≥ 150 mg/dL.9

The impact of a theoretical minimum risk 
exposure level (TMREL) of LDL-c (about 27-
50.2 mg/dL) on DALYs (Disability-Adjusted 
Life Years, a measure of the disease burden 
composed by the number of years lost, plus 
disability and premature deaths due to a 
specific disease), is impressively significant. 
Secondary to ischemic heart disease in 2019 
the number of DALYs rose to 182 million and 
to 9.14 million of deaths.10 Concurrently with 
a slowing progress to lower the disease burden 
related to LDL-c levels, DALYs increased rapidly 
in men from 30 years of age. In comparison, 
men between 40 to 44 years old had the 
same DALYs than women aged 60 to 64 years. 
Anyhow, menopause lessen in the latter 
this gender advantage. All this problematic 
situation requires the implementation of 
solid public health policies. Of course, every 
country or ecological region has its own 
characteristics that determine the magnitude 

of the epidemiological scourge of dyslipidemia 
and its atherosclerotic consequences. The 
prevalence of obesity, the type of diet and 
the patterns of tobacco consumption, among 
other lifestyle traits, must be recognized and 
considered for every national health system, 
to generate the appropriate control preventive 
mechanisms since childhood and adolescence, 
as the promotion of a healthy nutrition, the 
attain of a low body mass index, the practice 
of physical exercise, and the abhorrence of 
tobacco consumption.7

The impacT of dyslipidemias on 
morbidiTy and morTaliTy

Dyslipidemia increases cardiovascular risk, by 
raising the incidence of both, coronary and 
cerebrovascular diseases. Among Latin American 
population, a higher risk has been attributed 
to the increase of the ratio apo B100/apo A-1 
(relative risk 2.31) for acute myocardial infarction 
(AMI). As it is known, the main cardiovascular risk 
factors are high blood pressure, diabetes mellitus 
(DM), dyslipidemia, smoking, obesity, and family 
history of atherosclerotic cardiovascular disease 
(ASCVD). If they are associated with poor eating 
habits, lack of regular physical activity, excessive 
alcohol consumption, and psychosocial stress, 
they can foster the formation of atheroma 
plaques.11 Most of patients with a first AMI have 
at least one of the main risk factors. The greater 
the accumulation of risk factors, the higher 
the risk of in-hospital mortality during the first 
myocardial infarction. This direct correlation is 
clearer among patients with 0 versus patients 
with five risk factors.12 On the other hand, 
people with healthy lifestyles and cholesterol 
concentration within physiological limits hold a 
lower incidence of major cardiovascular events. 
This fact underlines the importance of early 
recognition of ASCVD risk factors and their 
therapeutic control.13

Dyslipidemia is common among patients 
with type 2 DM (prevalence > 75%). It is 
called atherogenic dyslipidemia or lipid 
triad, composed by hypertriglyceridemia, 
hypoalphalipoproteinemia (low HDL-c 
concentrations), and the increase of small and 
dense LDL particles, with greater atherogenic 
power than large buoyant particles. In Mexico, 
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with a high prevalence of abdominal obesity 
or overweight, and diabetes, atherogenic 
dyslipidemia is very common, and a frequent 
lipid abnormality behind the occurrence 
of AMI in our country.14 In this regard, our 
mestizo population, whose most important 
ethnic component comes from our Amerindian 
ancestors, had a genetic predisposition to 
have peculiar metabolic abnormalities, 
as abdominal obesity/overweight, insulin 
resistance syndrome, DM2, and atherogenic 
dyslipidemia. In addition, as in Mexico the 
underdiagnosis and under-treatment of 
dyslipidemia are relevant and rather frequent 
problems,15 public health policies focused on 
the prevention of CVD through better control 
of the lipid profile are mandatory.

The most recent lipid guidelines are 
directed to the reduction of LDL-c and 
other cholesterol-rich lipoproteins containing 
apolipoprotein B (apo B), to lessen ASCVD 
and cardiovascular risk.16 The use of higher 
potency statins in combination with ezetimibe 
and/or IPCSK9, allows a remarkable reduction 
of LDL-C concentrations. Several clinical trials 
have established the fact that the lower the 
LDL-c concentration, the lesser the rate of 
future cardiovascular events. The proportional 
reduction of LDL-c ranges from 30 to 50% with 
moderate or high-intensity statins, respectively, 
and this abatement rises to 65% when combined 
with ezetimibe. PCSK9 inhibitors achieve 60% 
of LDL-c reduction, 75% when combined with 
high intensity statins, and up to 85%, when 
ezetimibe is added.17

More recently has been doubtlessly 
established that Lipoprotein (a) is a strong 
cardiovascular risk predictor. Lp (a) is a 
small lipoprotein containing Apo B and 
apolipoprotein a, whose functions have not 
been fully elucidated. Normally, it has a crucial 
function as a wall vascular and endothelium 
tissue-repair agent, although its structure can 
be modified by oxidation and be transformed 
in a pro-inflammatory, pro-atherogenic and 
prothrombotic substance.18 The relative risk 
for ASCVD rises between 10-12% for each 
increment of 50 nmol/L. Although a cut-
off value has not been clearly determined, 
cardiovascular risk is more pronounced with 
Lp(a) values ≥ 150 nmol/L, equivalent to 70 

mg/dL.19 It seems that high levels of Lp(a) in 
women confer a higher risk of ASCVD, even in 
the absence of elevated LDL-c. This parameter 
could identify a group that can be benefited 
from intensive pharmacological therapy, even 
with normal values of LDL-c.20 Elevation of Lp 
(a) (specially at concentrations greater than 30-
50 mg/dL) is a hereditary condition associated 
to an increase of atherogenic, inflammation 
and prothrombotic risk, for what should be 
considered an independent ASCVD risk factor. 
Recent international guidelines recommend the 
measurement of Lp(a) to reassess cardiovascular 
risk. There are established treatments for this 
condition, particularly PCSK9 inhibitors, that it 
seems can provide a promising and innovative 
therapeutic approach to control this lipid 
abnormality.21

conclusive remarks

Dyslipidemia is recognized as one the main 
atherogenic risk for ASCVD, not only LDL-c 
hypercholesterolemia, but the entire spectrum 
of lipid abnormalities; hypertriglyceridemia, 
hypoalphal ipoproteinemia,  mixed or 
atherogenic dyslipidemia, and increases of 
Lp(a). We have already the diagnostic and 
therapeutic tools for unveil these abnormalities 
and reduce them to decrease cardiovascular 
risk. What is needed is to raise the social 
conscience about this matter, expand the 
clinical, therapeutic, and prevalent strengths 
of the medical community, and encourage our 
governments to deploy a set of public health 
policies focused to control these fearsome 
epidemic scourges.
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INTRODUCTION

Lipids are biomolecules that are only found 
in living beings. The way and degree of 

interaction of these biomolecules with water 
determine important aspects in some biological 
processes. For example, the amphipathic 
character of phospholipids favors the efficient 
formation of micelles and bilayers. On the 
other hand, the nonpolar characteristic of 
fatty acids and triglycerides requires specific 
transport mechanisms in the blood, through 
plasma lipoproteins.

Lipoproteins are complex macromolecular 
structures which are formed by a shell and a 
core. The shell is composed by phospholipids 
and free cholesterol, whose polar portions 
(electrically charged) are oriented outwards, 
making them soluble in water and therefore 
transportable. On the other hand, the 
hydrophobic lipid core (insoluble in water) 
contains esterified CHOL and TG (Figure 
1). The outer shell contains proteins called 
apolipoproteins,1 which are characterized 
by having both hydrophobic and hydrophilic 
regions, allowing them to maintain at the same 
time, physical relationships with both, the lipid 
components, and the aqueous environment.

Based on their density (amount of mass 
in relation to volume), lipoproteins can be 
classified and separated by ultracentrifugation 
in larger lipoproteins with lower density, with a 
high lipid content and other, smaller, and denser, 
with a higher content of proteins. Ranging from 
larger to smaller, there are chylomicrons (CHY), 
VLDL (very low-density lipoproteins), IDL 
(intermediate density lipoproteins), LDL (low 

density lipoproteins), and HDL (high density 
lipoproteins).2 Different sizes and densities of 
several subspecies of VLDL, LDL, IDL, and HDL 
have been defined, and in turn subdivided in 
several classes, which have relevance from the 
clinical point of view.

Apolipoproteins are designated by letters 
and numbers: A-I, A-II, A-IV, A-V, B48, B100, 
C-I, C-II, C-III, D, E, among others, whose 
role is less known.3 Apolipoproteins have 
four important functions, through which they 
regulate lipoprotein metabolism.

1. Production and secretion of lipoproteins 
(Apo A-I, B48, and B100).

2. Structural integrity and rigidity of the 
lipoprotein shell (Apo B, E, A-I, and A-II).

3. Activation or inhibition of enzymatic activity 
(A-I, A-V, C-I, C-II, and C-III).

4. Function as ligands for specific receptors 
(Apo A-I, B100, and E).

The functions of many lipoproteins are 
well established. In the first place, they 
yield to an efficient transport of TG from the 
intestine (exogenous triglycerides) and liver 
(endogenous triglycerides) to the tissues for 
their storage and obtention of energy, as occurs 
in adipose tissue or skeletal muscle. Secondly, 
the transport of CHOL to peripheral tissues, 
serves to the renewal of cell membranes and 
the synthesis of vitamin D, steroid hormones, 
or hepatic bile acids. Finally, the reverse 
CHOL transport from the peripheral tissues 
to the liver, through which it is eliminated 
by the bile to the intestine, is an important 
homeostatic mechanism.
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For a better understanding, lipid metabolism 
is divided into three stages: the exogenous 
pathway and endogenous pathways, and 
reverse CHOL transport.

EXOGENOUS PATHWAY

This pathway involves the transport of lipids 
from the intestine to the liver and other tissues. 
In the small intestine, bile salts, phospholipids, 
free CHOL, free fatty acids (FFA), and 
monoglycerides are assembled forming mixed 
micelles that permit their absorption in the 
intestinal mucosa.4 The absorption of CHOL, 
plant sterols, and stanols is mediated by the 
Niemann-Pick C1-like 1 transporter (NPC1L1), 
located at the border of the jejunal enterocyte 
membrane and in the apical membrane of 
hepatocytes.5 The enterocytes as all cells have 
a CHOL extrusion mechanism in which are 
involved several proteins of the superfamily 
called ABC (ATP bound cassettes), ABCA1, 
and G5 and G8. These ABCG5 and ABCG8 
membrane transporters act as heterodimers, 
responsible for returning absorbed sterols to 
the intestinal lumen.5

Approximately half of the amount of 
cholesterol that has been taken up by the 
enterocytes and has not been returned to 
the intestinal lumen via the ABCG5/8 process 
is diffused to the endoplasmic reticulum, 
where it is resterified by the acetyl cholesterol 
acyltransferase-2 enzyme (ACAT2) present in 
the intestinal cells. The esterified CHOL, along 

with other molecules (TG, phospholipids, 
and FFA) are packaged by a protein called 
microsomal triglyceride transfer protein 
(MTP) to form the first lipoproteins named 
chylomicrons (CHY), whose function is to carry 
absorbed lipids inside the body. CHY have a 
diameter of 80 to 1000 nm, and are conformed 
of 90% triglycerides and 5% cholesterol, 
also containing several lipoproteins such as 
Apo B48, which is a truncated form of Apo 
B100, because the enterocyte has the Apo B 
editing enzyme.6

CHY are transported to the lymphatic 
system and through the thoracic duct they 
reach the systemic circulation. Later, in the 
blood, they acquire Apo E and Apo C-II, 
transferred by HDL. They circulate in normal 
conditions and fasting no longer than 12 hours. 
Lipoprotein lipase enzyme (LPL) hydrolyzes 
most of its TG content (about 70%), turning 
the CHY into a smaller particle named 
chylomicron remnant, which is characterized 
by having Apo E. The FFA released are taken 
up by muscle cells and adipocytes. LPL activity, 
therefore, is the determining step in the rate 
of removal of dietary fat from the circulation 
and is highly regulated in the body.7 Apo E and 
Apo C-II activate LPL, while Apo C-III and the 
angiopoietin 3 (ANGPTL3). and angiopoietin 
4 (ANGPTL4) -like proteins inhibit its activity.8 
The presence of Apo E in the remnant is very 
important since through this apolipoprotein 
it can be recognized by the hepatic Apo E 
receptor, also called RRP (receptor-related 
protein), that traps the remnant, internalizes, 
and destroys it, using its lipid content for 
many purposes.

ENDOGENOUS PATHWAY

Endogenous lipid metabolism begins with 
the synthesis of VLDL, which is produced 
by the endoplasmic reticulum in the liver, 
assembling apolipoproteins and triglycerides. 
MTP is necessary for the secretion of VLDL. 
Genetic deficiency or chemical inhibition 
of MTP prevents the secretion of VLDL into 
the circulation.9

VLDLs have a variable diameter from 30 
to 80 nm. They can be separated employing 
ultracentrifugation, in the range of densities 

Figure 1: Characteristics and structure of lipoproteins. The cover is made up of 
free cholesterol, phospholipids and apoproteins, the central part or core contains 
esterified cholesterol and triglycerides.
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from 0.95 to 1.006 g/mL. The lipid proportion 
of these lipoproteins is 60% TG 20% CHOL and 
the rest, phospholipids. VLDLs vary in size and 
composition but can be classified into two main 
classes: VLDL1, large and floating particles with 
a higher content of triglycerides, and VLDL2, 
which are smaller and denser.10 The lipoprotein 
composition is similar to that of CHY except 
in two relevant aspects: they do not have Apo 
A-I and have the complete form of Apo B (Apo 
B100) since the liver does not express the Apo 
B-editing enzyme.

Apo B100 is the major structural protein of 
VLDL and derived catabolic lipoproteins. Other 
apolipoproteins that are minor components of 
VLDL are CI, C-II, C-III, and E. Immature VLDL 
are secreted into the circulation by the Golgi 
apparatus and once in plasma, VLDL mature 
acquiring more Apo C-II and Apo E from HDL. 
VLDLs serve as CHOL acceptors which are 
transferred from HDL, this transfer process 
is mediated by the enzyme cholesteryl ester 
transfer protein (CETP).

The content of TG in VLDL is a suitable 
substrate for the action of the enzyme LPL, 
which hydrolyzes the former in a similar 
process to that which occurs in CHY, releasing 
FFA, to be used as fuel in the muscle or to be 
stored in the adipocytes (Figure 2). Because 
of the hydrolysis, the remnants of VLDL 
are smaller molecules named intermediate 

density lipoproteins (IDL). Likewise, to the 
catabolism of CHY, lipids and apolipoproteins 
are also released and incorporated into the 
HDL fraction.11

IDLs have a density of 1.006 to 1.019 g/mL 
with a dimension of 25 to 30 nm and constitute 
a reduced group of lipoproteins. Smaller in 
size have fewer TG and phospholipids with 
a greater amount of esterified CHOL. Their 
apolipoprotein content consists of Apo B100 
and E. It is considered that approximately 
half of the IDL particles are captured in the 
liver by B/E receptors, through which they are 
internalized and degraded in the hepatocyte, 
while the other half is converted into LDL 
through a complex process in which hepatic 
lipase (HL) intervenes. 

HL, originated in the liver and regulated 
mainly by insulin, modulates the lipolysis of 
TG in IDL and, unlike LPL, it does not require 
Apo C-II as an activator.12 This enzyme is also 
involved in the metabolism of HDL, having a 
phospholipase activity.

Low-density lipoproteins or LDLs are the 
product of IDL catabolism. They have a density 
of 1.063 to 1.019 g/mL, with a diameter of 22 
nm and a mass of ~3,000 kDa. Each particle has 
up to ~1,500 molecules of esters of cholesterol 
in the hydrophobic core that also contains 
TG, while the hydrophilic shell is composed 
by ~800 phospholipid molecules, ~600 free 
CHOL molecules, and a 500 kDa protein. Its 
apolipoprotein B-100 also acts as a ligand with 
cell membrane receptors, having a half-life of 2 
to 3 days.13 The role of LDL is the transport and 
delivery of CHOL to cells, including peripheral 
tissues and the liver.

The LDL receptor is a transmembrane 
glycoprotein that has an approximate molecular 
weight of 160 kDa and is made up of 839 
amino acids with five well-defined regions.14 
The LDL receptor is synthesized by multiple 
cell lines (fibroblasts, hepatocytes, smooth 
muscle, adrenal cortex, ovary, and testes cells) 
and is translocated to the plasma membrane, 
where is fixed by a protein called clathrin 
in specific membrane areas called coated 
pits.15 Approximately every 10 to 15 minutes, 
whether or not these coated pits have bounded 
LDL, they undergo endocytosis and are 
transported to the cytoplasm in the form of 

Figure 2: Endogenous pathway. VLDL is synthesized in the liver, which contains 
Apo B100, matures in the circulation upon receiving Apo E and Apo C-II from 
HDL. Lipoprotein lipase (LPL) hydrolyzes its triglycerides, releasing free fatty 
acids (FFA) that will be distributed to skeletal muscle and adipose tissue. As the 
remodeled VLDL particle lose triglycerides, it become IDL, which are eliminated 
by the liver or under the action of hepatic lipase (HL) giving rise to LDL.
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endosomes. If they contain LDL bounded to 
the receptor, the latter dissociates and returns 
to the hepatocyte membrane, while lipoprotein 
content fuses with lysosomes, which through 
their enzymes (acid hydrolases), hydrolyze the 
lipoprotein components, forming amino acids 
and free CHOL. The pool of free CHOL created 
regulates different fundamental processes for 
cellular homeostasis:

1. Inhibition of 3-hydroxy-3-methyl glutaryl 
coenzyme A reductase (HMG-CoA 
reductase), a key enzyme in the intracellular 
synthesis of CHOL.

2. Stimulation of acyl-coenzyme A cholesterol 
acyltransferase (ACAT-1) that promotes 
the esterification of free CHOL that will 
be deposited in the cytoplasm in its 
esterified form, which is partly eliminated 
in the bile canaliculus and partly used to 
synthesize bile acids.

3. Inhibition of the synthesis of more 
LDL receptors.

Unlike macrophages, the liver can regulate 
the concentration of CHOL, its synthesis, and 
receptors. The synthesis depends on the 
amounts of the sterol in the endoplasmic 
reticulum. Liver cell senses its concentration 
through a family of proteins called SREBPs 
(sterol regulatory element binding proteins 
1 & 2) that regulate several genes involved 
in the biosynthesis and capture of CHOL.16 
If hepatic CHOL concentrations are low, the 
SREBPs, which are transcription factors, are 
activated and decode genes that increase the 
synthesis of LDL and CHOL receptors. On 
the contrary, if the concentration of CHOL 
is high in the hepatocyte, the SREBPs are 
not activated.

HDL AND REVERSE CHOLESTEROL TRANSPORT

High-density l ipoproteins or HDL are 
characterized by having mainly Apo A-I, 
although it also contains Apo A-II, C-I, C-II, 
C-III, and E. HDLs have a density of 1.21 g/mL 
to 1.063 g/mL, with a diameter of 8 to 12 nm. 
Approximately 20% of its content is CHOL, 
60% are phospholipids, and TG in a smaller 
proportion. Their origin come in a greater 

proportion from hepatic synthesis, and to a 
lesser degree from intestinal synthesis.17

The most important function of HDLs is to 
transport cholesterol from peripheral tissues 
to the liver, where it is recycled, used in the 
production of bile acids, or eliminated in the 
bile, to the gut. Here, CHOL and bile acids 
enter in the enterohepatic cycle through which 
around half of the intestinal sterol, and 95% of 
bile acids return to the liver to be reprocessed.18 
In addition, HDLs has other athero-protective 
properties, e. g.:

1. Inhibition of LDL oxidation, where the 
enzyme paraoxonase plays a relevant role.

2. Anti-inflammatory capacity through the 
inhibition of the synthesis and expression 
of endothelial adhesion molecules.

3. Cytoprotective action by inhibiting 
endothelial cell apoptosis.

4. Vasodilator action by stimulating the 
synthesis of cellular nitric oxide and 
prostacyclins.

5. Antithrombotic action by inhibiting 
platelet aggregation.

The role in the reverse transport of HDL 
depends largely on its content of Apo A-I, 
which captures phospholipids and free CHOL 
through the ABCA1 protein from the liver 
and extrahepatic cells, resulting in lipid poor-
Apo A-I with a discoidal shape, called preβ-
HDL or nascent HDL, which facilitates the 
release of intracellular cholesterol through 
specific mechanisms that require energy 
consumption. The release or efflux of free 
CHOL is determined by the interaction of 
nascent HDL with transporters of the ATP-
binding cassette A1 and G1 (ABCA1 and 
ABCG1) but also with scavenger receptor class 
B type I (SR-BI receptors).19 Once free CHOL 
reaches the nascent HDL, it is esterified by the 
enzyme lecithin cholesterol acyltransferase 
(LCAT) and is sent to the core, with which the 
HDL increases in size and change its form from 
a discoid shape to a spherical one.

The newly formed HDLs are known as 
HDL-3 (density 1.12-1.21 g/mL). In turn, they 
are classified as HDL-3a, 3b, and 3c. Mature 
HDL is known as HDL-2 (density 1.063-1.12 
g/mL), which is classified in two sub-varieties 
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(HDL-2a and 2b), containing a greater amount 
of esterified CHOL than HDL-3. The conversion 
of HDL-3 to HDL-2 comprises an increase in 
the content of esterified CHOL and therefore 
an increase in size, requiring the transfer of 
phospholipids through the enzyme phospholipid 
transfer protein (PLTP), which contributes to the 
formation of HDL and VLDL remnants.

HDL catabolism occurs in the liver, kidney, 
and steroidogenic tissues (adrenal gland, ovaries, 
or testes). Elimination can be carried out by 
endocytosis and lysosomal degradation of the 
entire HDL particle or by its interaction with the 
SR-BI receptor, which can endocytose the entire 
particle or transfer CHOL to the interior of the 
cell, selectively releasing the lipoprotein back 
to circulation in the form of a nascent HDL. In 
the liver, the CHOL captured can be converted 
into bile acids, these being eliminated by the 
biliary and fecal routes if it is not absorbed 
beforehand at the intestinal level. Considering 
that CHOL cannot be degraded by the body, 
reverse cholesterol transport is the only straight 
way to eliminate cholesterol from our body.

Cholesteryl ester transfer protein (CETP) 
is expressed in various tissues, although its 
main source is the liver. It is an enzyme that 
participates in the metabolism of HDL and 
influences its concentration. CETP catalyzes the 
transfer of TG from VLDL and LDL to HDL, while 
passing on CHOL esters from HDL to VLDL 
and LDL.20 Under normal conditions, CETP 
exchanges small amounts of HDL esterified 
CHOL for VLDL TG, resulting in a slight increase 
of TG content in HDL and minimal effects on 
VLDL. In contrast, in hypertriglyceridemia, 
CETP can significantly alter the lipoprotein 
profile and its catabolism. The accumulation of 
VLDL in the plasma provides a greater number 
of TG to exchange with HDL and LDL CHOL. 
HDLs with higher TG content are less efficient 
in generating CHOL efflux, while large LDL rich 
in TG, are more atherogenic. All these changes 
derived from the active participation of CETP, 
especially in hypertriglyceridemia, explain its 
proatherogenic nature.

CONCLUSION

Lipid metabolism is a rather complex process, 
but it is necessary and important to have basic 

knowledge of it since this allows to understand 
the pathophysiology of atherosclerosis and 
the mechanism of action of the several 
drugs used in the treatment of dyslipidemia, 
aimed to influence the different metabolic 
and enzymatic pathways intervening in 
the absorption, transport, and synthesis of 
lipids and lipoproteins, to reduce the serum 
concentrations of atherogenic CHOL and 
TG, and also increase those of HDL, and in 
this way reduce the risk of atherosclerotic 
cardiovascular diseases.
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IntroductIon

Cardiovascular diseases (CVD) represent 
the main cause of death in the world. 

An estimated 17.9 million people die each 
year from these diseases worldwide. One 
of the main cardiovascular risk factors is 
hypercholesterolemia.1 Basically, the causes 
of this dyslipidemia are divided into two large 
groups: primary and secondary. The primary 
causes are those that have a genetic origin; 
while hypercholesterolemia due to secondary 
causes is one that occurs because of another 
diseases or causes, such as diabetes, liver 
disease, kidney failure, nephrotic syndrome, 
hypothyroidism, the consumption of certain 
drugs (antiretrovirals, corticosteroids, etc.), 
autoimmune diseases, or a high-fat diet, 
among others.2

Of the primary, due to pure or predominant 
genetic causes, the most common is familial 
hypercholesterolemia (FH) (OMIM 143890), a 
disease with an autosomal dominant inheritance 
pattern, characterized by the fact that affected 
patients have very high blood cholesterol levels 
from birth, accelerated atherosclerosis, and thus 
a very high risk of premature death from CVD.3

Based on recent meta-analyzes and what 
has been published on populations for which 
data are available, a prevalence of 1 in 310 
individuals in the general population has been 
estimated. Therefore, this disease represents 
the first cause of premature CV death of 
genetic cause.4 Due to the high frequency 

and seriousness of its consequences, since 
1998 the World Health Organization (WHO) 
classified it as a World Public Health Problem, 
that should be integrated into the screening 
programs of all populations, for a detection and 
timely treatment.5

FamIlIal hypercholesterolemIa

FH is caused by mutations in the LDLR 
(19p13.2), APOB (2p24.1) and/or PCSK9 
(1p32.3) genes. These genes code for proteins 
that participate in the metabolism of low-
density lipoprotein cholesterol (LDL-c), for 
which mutations in any of the three alter their 
homeostasis, causing an increase in serum 
concentration, a rise in cholesterol deposits 
in some tissues, and the development of 
atherosclerotic lesions, in turn responsible for 
cardiovascular syndromes.6

The main cause of FH is due to mutations 
in the LDLR gene, which codes for the 
LDL-c receptor, which is located on the 
plasma membrane of all cells, mainly that 
of hepatocytes. To date, more than 2000 
variants distributed throughout the entire gene 
have been described, which could cause an 
alteration in the function or a decrease in the 
number of receptors to internalize LDL-c, what 
in turn causes raises in its serum concentration.7 
The APOB gene encodes apolipoprotein B, 
which serves as a ligand between LDL-c and 
its receptor, which allows to internalize the 
lipoprotein inside the cell, to be metabolized. 
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Therefore, mutations in this gene, even 
without defects in the receptors, also cause 
hypercholesterolemia. Unlike the large number 
of mutations found in the LDLR gene, only very 
few have been reported in the APOB gene, 
which are generally found in exon 26 and 29, 
which is the coding part for receptor binding. 
The PCSK9 gene encodes a protein that when 
it binds to the LDL receptor allows lysosomes 
to degrade it, so mutations that cause a «gain of 
function» generate an excessive production of 
the protein, decreasing in this way the number 
of receptors for LDL-c and consequently 
provoking hypercholesterolemia.7,8

heterozygote and homozygote Fh

In addition to severe hypercholesterolemia 
from birth and premature atherosclerosis, 
some patients with FH may have accumulation 
of cholesterol in other parts of the body, 
such as eyelids, eyes, and tendons, causing 
additional clinical manifestations such as 
xanthelasma, corneal arch and xanthomas, 
respectively (Figure 1). Based on the clinical and 
biochemical characteristics, classically, patients 
have been classified into two large groups: 

heterozygous and homozygous. Heterozygous 
patients have 2 to 3 times the normal levels 
of LDL-c, and without adequate treatment, 
most will suffer CVD between 30-50 years old. 
Xanthelasma, corneal arch and xanthomas, 
usually appear from the second decade of life. 
Unfortunately, only a low percentage of patients 
have these extravascular manifestations, which 
makes early detection of the disease difficult.9 
The clinical and biochemical characteristics of 
homozygous patients are much more serious. 
LDL-c levels are 5 to 10 times above normal 
values, causing signs and symptoms of CVD at 
early ages, even since childhood. Most of these 
patients without treatment, die before the age 
of 30. Unlike heterozygotes, most homozygous 
patients present xanthelasma, corneal arch and 
xanthomas from the first decade of life, thus 
favoring detection. Fortunately, the prevalence 
of homozygous patients is much lower, ranging 
from 1 in 250,000 to 1 in 1,000,000.10

Thanks to advances in the knowledge of the 
molecular bases of FH, patients with clinical 
and biochemical characteristics of homozygous 
variety are classified into three groups: true 
homozygous, compound heterozygous, and 
double heterozygous. True homozygotes are 
those that present the same mutation in each 
of the two alleles of the same gene, either in 
the LDLR, APOB or PCSK9 gene. Compound 
heterozygotes show different mutations in each 
of the two alleles of the same gene. Finally, 
double heterozygotes are those that have one 
of the two mutated alleles in a gene and another 
of the two mutated alleles of another gene.9

clInIcal, bIochemIcal, and 
molecular dIagnosIs

In most cases, the diagnosis is established 
based on clinical and biochemical criteria 
and through family study. However, for some 
patients, especially in those who do not have 
a family history or who do not meet sufficient 
criteria, a molecular study will be required to 
identify the genetic cause and thus diagnostic 
confirmation.6,11 The diagnostic criteria based 
on scores help to establish the diagnosis in the 
index case. The most used are those of the 
Dutch Lipid Clinic Network Diagnostic Criteria 
and those of the English Simon Broome Registry. 

A B

C D

Figure 1: Clinical characteristics of familial hypercholesterolemia: A) Corneal 
arch. B) Xanthelasma. C) Xanthomas in tendons of the fingers of the hands. D) 
Xanthoma in the Achilles tendon.
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FH should be suspected in all those adults who 
have total cholesterol levels above 300 mg/dL 
and/or LDL cholesterol levels above 190 mg/
dL; in patients who have CVD manifestations 
before the age of 60 and/or clinical signs of 
hypercholesterolemia, such as xanthomas, 
xanthelasma and/or corneal arch. The cut-
off point for LDL-c level for suspected FH in 
children and adolescents is ≥ 160 mg/dL.3,9

Therefore, the diagnostic criteria for 
FH can be summarized in three points: 1. 
Severe hypercholesterolemia at the expense 
of LDL-c, once secondary causes such as 
hypothyroidism, kidney and liver damage, 
consumption of certain drugs, among others, 
have been ruled out.2 2. Presence of premature 
CVD, xanthomas, xanthelasma and/or corneal 
arch and 3. History of relatives with severe 
hypercholesterolemia and premature CVD. The 
study of relatives is extremely important, since 
it allows to corroborate the vertical transmission 
of the disease (autosomal dominant inheritance) 
and also the detection of other members of the 
family, that is, the diagnosis through the cascade 
screen.3,12,13

genetIc counselIng

Being a disease with an autosomal dominant 
inheritance pattern, the theoretical risk for the 
offspring of a heterozygous index case is 50% 
and 100% for a homozygous index case. Given 
that it is a disease whose fatal consequences 
can be prevented with timely and adequate 
treatment, when identifying an index case, it 
is required to do the «cascade screening», that 
means that all first-degree relatives must be 
studied as far as possible, and once another 
affected individual has been identified, his 
or her offspring must be screened, and so 
on. Screening for FH is not recommended in 
children under two years of age, as to date, 
there is no treatment approved for such age. 
The cascade sieve is more effective, when 
the molecular study is available.14 It should 
be noted that there is a form of autosomal 
recessive inherited hypercholesterolemia 
(ARH), which is caused by mutations in the 
LDLRAP1 gene, which encodes for a protein 
that participates in the internalization of the 
LDL-LDL receptor complex. It is important 

to suspect this type of hypercholesterolemia 
in those patients who have a healthy parents 
or when consanguinity and inbreeding are 
documented. The risk of recurrence for this 
type of hypercholesterolemia is 25%.15

treatment

The goal of treatment is to lower cholesterol 
levels to normal levels, in order to reduce 
cardiovascular risk, indefinitely. Diet and lifestyle 
modifications are important, but not sufficient 
to achieve a significant decrease in cholesterol 
in these patients, which in consequence require 
lipid-lowering drugs. In heterozygous patients, 
the drugs of choice are potent high-dose statins, 
alone or in combination with other oral lipid-
lowering drugs, as ezetimibe. The dose will 
depend on the baseline values of LDL-c and the 
response to treatment of everyone, requiring 
indefinitely monitoring by a multidisciplinary 
team. The therapeutic goal for adults is 100 mg/
dL of LDL-c, but if the patient has additional 
cardiovascular risk factors, treatment must be 
more stringent to reach < 70 mg/dL or less. 
Many heterozygous patients achieve these 
figures with conventional drugs, as statins 
and PCSK9 inhibitors. However, as most of 
homozygotes do not have any LDLR activity or 
it is greatly reduced, drugs that upregulate LDL 
receptor expression have less or null efficacy. 
Also, homozygous patients frequently have 
LDL-c levels above 600 mg/dL, so it is more 
difficult to achieve the therapeutic goals. These 
patients require other therapeutic measures, 
some of them invasive, such as LDL-c apheresis. 
In recent years, new drugs have been developed 
for the treatment of FH, designed especially for 
those patients who do not respond to traditional 
drugs, alongside monoclonal antibodies for 
PCSK9, there are antisense oligonucleotides 
for apolipoprotein B and finally MTP protein 
(microsomal triglyceride transfer protein) 
inhibitors, among others.3,9,10,12
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Familial combined hyperlipidemia (FCHL) is 
a primary dyslipidemia whose prevalence 

ranges between 1 and 3%, although it is more 
frequent in patients with coronary artery 
disease. FCHL is found, for example, in 20% of 
those under 60 years old who survived an acute 
myocardial infarction and up to 38% in those 
survivors under 40 years.1,2 Due to the lack of 
robust diagnostic markers, in many patients 
at high risk of some type of atherosclerotic 
cardiovascular disease (ASCVD), the diagnosis 
of FCHL is not established. This dyslipidemia 
has been characterized as a hereditary disorder 
(oligogenic, i.e., caused by just a few genes), 
autosomal, with variable penetrance. Several 
genetic abnormalities have been signaled as 
responsible for FCHL, encompassing various 
clinical lipoprotein phenotypes. The lipid 
profile of FCH is rather heterogeneous, which 
suggests a multifactorial origin in which a 
variety of genetic abnormalities lead to various 
pathogenic alterations of lipoproteins and their 
metabolism. It has been identified the gene 
that encode the upstream transcription factor 
1 (USF1) as one of the principal contributors to 
this pathology.3 USF1 regulates the expression 
of multiple genes involved in glucide and lipid 
metabolism. When it is inactivated in mice, 
brown adipose tissue is activated, enhancing 
thermogenesis, decreasing triglyceridemia, 
and reducing insulin resistance and its 

manifestations, as lipid pathology and fatty liver 
disease.4 Mexican population, with a high rate 
of abdominal obesity and insulin resistance, is 
prone to suffer combined dyslipidemia and the 
lipid triad. In fact, several Mexican families have 
been found affected with FCHL.5,6

The genetic disorder helped by unhealthy 
lifestyle (high fat diet and sedentarism) increase 
the hepatic formation of VLDL, small and 
dense LDL particles, and apo B100. Frequently, 
FCHL is associated to low concentrations of 
the protective lipoprotein HDL, combination 
that is known as atherogenic dyslipidemia 
or lipid triad. This combination can be also 
secondary to obesity/diabetes phenotypes, and 
whose atherogenic power has been unveiled 
many years ago.7-9

As a heterogeneous, highly pleiomorphic 
dyslipidemia, and still without well-defined 
genetic alterations, universally accepted 
diagnostic criteria are lacking.2 Therefore, the 
clinical approach demands the exclusion of 
secondary causes of combined dyslipidemia. 
As the phenotypic expression differs from 
patient to patient, the concentrations of 
total cholesterol (TC) and triglycerides (TG) 
in members of the same affected family 
show a great variability.8 The following 
could be valuable diagnostic clues, although 
none of them is indispensable or specific: 
1) Familial history of premature ASCVD 
(atherosclerotic events occurring in men 
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under 55 years old, or in women under 65 
years). 2) Familial history of dyslipidemia (two 
or more first degree relatives with some type 
of dyslipidemia). 3) Combined total and LDL 
hypercholesterolemia (> 240 and > 160 mg/
dL, respectively) plus hypertriglyceridemia 
(> 200 mg/dL). In general, concentrations of 
TC and LDL are not strikingly elevated, as in 
familial hypercholesterolemia. Concomitant 
hypoalphalipoproteinemia (HDL-c less than 
40 mg/dL) is common. Hypertriglyceridemia 
stimulates the production of small and 
dense LDL particles, highly oxidizable and 
atherogenic. 4) Apolipoprotein B100 elevated 
(> 120 mg/dL). 5) Absence of clinical or 
biochemical data signaling secondary causes 
of combined dyslipidemia as hypothyroidism, 
nephrotic syndrome, chronic kidney disease, 
pheochromocytoma, Cushing syndrome or 
steroids consumption, and use of drugs like 
retinoids, and some antiretroviral agents, 
among many others. 6) Absence of tendinous 
xanthomas. 7) Genetic studies: gene encoding 
USF1, and members of the gene cluster APOA1/
C3/A4/A5, that influence lipid metabolism, 
among others under scrutiny.1,2,9-11

The relationship between this hereditary 
dyslipidemia and the physiopathological clinical 
complex composed by obesity/overweight, 
insulin resistance, and diabetes mellitus, is 
unclear. Very probably there is a bilateral and 
complementary connection, in which the lipid 
pathology caused by defective genes is magnified 
by the metabolic abnormalities secondary to 
the insulin resistance/hyperinsulinism binomial 
and diabetes syndromes. Contrariwise, persons 
with FCHL also have the propensity to 
develop abdominal dysmetabolic adiposity, 
insulin resistance and diabetes. Modest 
increases in weight and insulin resistance were 
associated with significantly higher probability 
of FCHL in a multi-ethnic US population. 
The multi-ethnic study of atherosclerosis 
(MESA) showed that in various ethnic groups, 
a modest increment of weight has different 
consequences in the development of combined 
dyslipidemia,12 what seems indicate again 
the intricate binomial interaction between 
genes and environment.13 The therapeutic 
management of this dyslipidemia follows the 
same general principles of the treatment of 

hypercholesterolemia and hypertriglyceridemia, 
reviewed in other sections of this text.

Polygenic or common 
hyPercholesterolemia

Polygenic hypercholesterolemia is a frequent 
cause of elevated blood cholesterol secondary 
to multiple gene mutations, expressed as single 
nucleotide polymorphisms (SNPs), powerfully 
influenced by environmental factors, mainly diet 
rich in animal fat. Although they had already 
been identified 95 loci significantly associated 
to lipid anomalies,14 more recently, the Global 
Lipids Genetics Consortium (GLGC) found 
62 more for a total of 157.15 Studies aimed 
to distinguish between polygenic and familial 
hypercholesterolemia (FH), have shown that 
only in 40-60% of patients with clinical FH can 
be demonstrated a monogenic defect, which 
involves the LDLR, Apo B or PCSK9 genes.16 A 
major discovery was the finding that in many 
patients with FH the genetic disturbance was 
not monogenic but in essence polygenic.16-18

The genetic participation in common 
hypercholesterolemia, does not lessen the 
crucial role of lifestyle, environmental, and 
other metabolic factors, that greatly contribute 
to rise LDL-c concentrations, especially in the 
later stages of life. But due to genetic influence, 
the frequency of this type of dyslipidemia 
is higher in subjects with familial history of 
ASCVD. By having LDL concentrations lower 
than monogenic hypercholesterolemia, and 
because in the polygenic form, the lipid disorder 
appears late in life, the ASCVD episodes are also 
later (> 50 years of age), being, in general, less 
lethal that FHC. However, for being much more 
frequent the polygenic than the monogenic 
form, the epidemiologic impact of the former in 
the genesis of ASCVD is more important. A fact 
worth noting is the best therapeutic and dietary 
response of the polygenic form.19
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IntroductIon

Atherosclerosis is a pathological process 
extremely intricate and complex, in 

which factors of genetic, dietary, metabolic, 
hemodynamic, thrombogenic, rheological, 
inflammatory, oxidative, immune, psychosocial, 
and  env i ronmen ta l  na tu re ,  concu r 
concomitantly. Nevertheless, dyslipidemia 
is, doubtlessly, the major risk factor for 
atherogenesis. In this brief review we will 
summarize the essential points of the long 
journey that goes from endothelial dysfunction 
to the building-up of atherosclerotic lesions, and 
its eventual complications, including plaque 
fracture and athero-thrombotic occlusion.

d e f i n i t i o n  o f  a t h e r o s c l e r o s i s . 
Atherosclerosis is a lesion composed by two 
processes termed atherosis and sclerosis. 
The former is defined as the intracellular 
and extracellular accumulation of lipid in 
the subendothelial space, with foam cell 
formation and the triggering of a state of 
chronic inflammation, while the latter, sclerosis, 
indicates a fibrotic, tentatively scaring process, 
characterized by hyperplasia of vascular 
myocytes and dystrophy of extracellular 
matrix, with hardening of the vascular wall. 
Atherosclerosis affects at the beginning the 
subendothelium, but then it spreads to the 

rest of the arterial wall, affecting only large and 
medium-caliber arteries.

First step: accumulation of lipids in the 
subendothelium. Normally there is an active 
trans-endothelial traffic of lipoproteins between 
the vessel lumen and the subendothelium, 
mainly through pinocytic vesicles hatching on 
the luminal surface of the endothelial cell and 
trapping lipoproteins containing apolipoprotein 
B100, internalizing them in the cytoplasm, and 
later, opening in the abluminal side, depositing 
their lipid load in the subendothelial space. 
Vesicles can coalesce forming real tunnels that 
cross the entire endothelial cell. Furthermore, 
sometimes the firm intercellular junctions, 
composed by union proteins, are broken, 
increasing endothelial permeability, and 
easily giving way to large protein molecules 
(paracellular traffic).

Second step: the entrapment of 
lipoproteins in the subendothelial space. 
Subendothelial extracellular vascular matrix 
(ECM) is composed by numerous substances, 
as elastin, collagen, and proteoglycans 
(chondroitin sulfate, dermatan, aggrecan, 
and heparan, among others). Low density 
lipoproteins (LDL), principally those small and 
dense particles, have a great affinity for some 
of the proteoglycans, and are trapped in fibrous 
network during a long period.
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third step: oxidation modification of 
the trapped lipoproteins and inflammation. 
Reactive oxygen substances (ROS) are 
generated constantly during metabolism. 
Small and dense LDL particles are particularly 
prone to oxidative modifications. If just a few 
of the polyunsaturated fatty acids that are 
part of phospholipids, the most numerous 
components of the lipoprotein coating , 
undergo a process of oxidation, the entire 
particle is no longer recognized as a native 
substance, and in consequence unleashes a 
complex inflammatory and immune response. 
The minimally modified LDL particle (LDLmm) 
is then furthermore oxidized (LDLox), damaging 
all biomolecules within reach. The degradation 
of lipoprotein lipids forms a series of catabolic 
waste compounds, as phosphatidylcholine 
(LPC), which plays numerous and tangled 
roles in inflammation and atherogenesis. Its 
activities involve several cells like macrophages, 
vascular myocytes, white blood cells, and 
inclusive endothelial cells, regulating cell 
cycle, inflammation, immunity response, 
cell proliferation, and oncogenesis. Seems 
that LPC has a specific membrane receptor 
named G2a, member of the superfamily of 
G protein coupled receptors (GPCR). The 
interaction of LPC in its receptor initiates an 
intracellular signal cascade responsible of 
an inflammatory reaction and activation of 
target cells. In addition, LPC, other oxidized 
phospholipids, and LDLox, bind to Toll-like 
receptors, part de the pattern recognition 
receptors, which also awake an inflammatory 
response. In addition, since early atherogenesis, 
an autoimmune response, involving innate and 
adaptative components is unshackle. Moreover, 
cholesterol entrapped in the subendothelium 
crystallizes, and some of these sharpen 
microcrystals can cross the endothelial layer, 
causing small tears and holes through which 
LDLox can escape to bloodstream. LDLox 
acts as one the multiple ligands for the LOX-1 
receptor, which is mainly placed in the caveola 
rafts of the endothelial cell membrane. The 
activated LOX-1 receptors start several signal 
pathways, eliciting endothelial dysfunction, 
oxidation, inflammation, apoptosis, autophagia, 
and expression of diverse cytokines, and 
molecules of monocyte attraction.

Fourth step. Activation of endothelial 
cells. Atherosis is completed when in additions 
to lipid accumulation, the activated endothelial 
cells, secrete several substances that attract 
monocytes to the vascular wall, immobilize them 
on the surface and impulse their translocation 
to the subendothelium. The monocytes, 
converted now in resident macrophages, 
gobble up the oxidized fat through pinocytic 
vesicles, phagocytosis, and scavenger receptors, 
until they are transformed in the so-called foam 
cells, pilled of lipids.

Fifth step. the response to the first injury. 
The body reacts to this primary injury, first 
sending macrophages to retire the extracellular 
fat. Macrophages are part of the mononuclear 
phagocyte system, in charge of eliminate 
foreign proteins and other type of debris from 
the blood and tissues. Angiotensin II (called the 
«honorary cytokine») plays a crucial role in this 
inflammatory reaction, as it is involved, among 
other actions, in the activation of oxidases and 
production of ROS, and in the awakening of 
the nuclear factor kappa B (NF-kappa B), a 
multiple transcription protein, capable of elicit a 
powerful inflammatory and immune response. 
At the beginning of atherogenesis, there is a 
dialectic confrontation between macrophage 
retention and its migration out of the vessel wall. 
As the process go on, the resident macrophages 
(mainly type 1, proinflammatory) loss mobility 
and remain confined in the atherosic lesion 
(the so-called «lobster trap»). Some of them 
initiate an apoptotic or necrotic dissolution, 
scattering their intracellular content in the 
nearby area: remains of the lysate proteins, 
oxidized lipids, and oxidized cholesterol, 
that together with the cellular debris form the 
necrotic core of what will be the atheroma. 
Myointimal cells (those migrant myocytes that 
changed their phenotype from contractile 
to secretory type) also have the capacity to 
scavenge lipids and convert themselves in 
foam cells. The latter produce all kind of tissue-
harming substances: ROS, proinflammatory, 
proapoptotic and proautophagic cytokines, 
and ECM destroying enzymes like matrix 
metalloproteinases (MMP, as elastases, 
collagenases, gelatinases, fibronectinases, 
among others), which erode and debilitate the 
extracellular matrix. Teleologically, it seems that 
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this reaction tries to clear the way out to foam 
cells. But even if macrophages remain in the 
lesion, all these histotoxic substances damage 
the endothelium, first only functionally, but 
later also its anatomical structure. Endothelial 
denudation attracts and activates platelets, that 
not only initiate the first phase of coagulation 
paving the destroyed endothelium layer, but 
also through the secretion of growth factors (also 
coming from endothelial and myointimal cells). 
The substances launch a reparative, scaring 
process, stimulating the growth, proliferation, 
and mobilization of vascular myocytes and the 
fibrous dystrophy of the ECM. In this manner, 
the atherosclerotic plaque or atheroma is 
formed: an oxidized lipid and a necrotic 
debris core, with numerous inflammatory cells, 
cytokines, cholesterol crystals, tissue destroying 
enzymes, covered by a fibromuscular covering.

Sixth step. Evolution and destiny of the 
atheroma. Once the mature atherosclerotic 
plaque is formed (atheroma), its evolution 
can take several pathways. The young, soft, 
lipid-laden, inflamed plaque regularly has a 
very thin and fragile fibromuscular cap, likely 
to break up. It is called vulnerable plaque and 
its fracture induces a clot formation, which 
on many occasions shut down the lumen 
and unlashes an acute coronary syndrome. 
But there are many occasions in which the 
thrombus is limited or dissolved, and the 
fracture is spontaneously repaired. Other times, 
the plaque evolves slowly, decreasing its lipid 
content and inflammation, and thickening, 
hardening, and calcifying the fibrous cap. These 
phenomena make less possible the plaque 
rupture but compromise functional arterial 
lumen. The young plaques experiment an 
eccentric grow that do not reduce importantly 
the inner caliber of the vessel, while the hard, 
older atheroma grows concentrically, even up 
to the complete fibrotic closure of the artery.

Seventh step. Forces involved in 
atherogenesis and plaque fracture. There 
are two kinds of forces involved in plaque 
fracture. Some, internal, have already been 
mentioned: inflammation, and the lysis of 
ECM by tissue damaging enzymes. Others, are 
hemodynamic forces, playing in two different 
scenarios. Oscillatory perpendicular stress is a 
mechanical force applied to the thickness of 

the vessel wall, which depends on differential 
blood pressure and is governed by the Laplace’s 
law (S = [P • r]/2h, where S is the stressful 
force, P, systolic blood pressure, r, the cavity 
radium, and h the wall thickness). As the 
atherosclerotic plaque bulge into the lumen, 
the internal radius of the artery is smaller at 
the top of the atheroma and larger just at the 
site adjacent to the healthy vascular wall (the 
shoulder of the plaque). In this site, the sum 
of the accumulation of inflammatory cells and 
MMPs debilitating further the ECM and the 
perpendicular stress, conjugate to break up 
the cap. For these reasons, the plaque shoulder 
is the favorite place in which a perpendicular 
tear occurs. Other important mechanical factor 
is shear (misnamed «shear stress», because is 
not a force applied to the vessel thickness, but 
instead it is a tangential force on the surface of 
arterial inner layer). Normally, in most vessels 
flow is laminar, which means that hydric 
molecules are arranged in horizontal layers, 
rolling one over another. The flow stream 
has a parabolic front, since the liquid layers 
closest to the walls of the vascular container 
are slowed down by friction on the surface, 
and at the same time, the inner layers, free of 
shear, run faster. This frictional, «ironing» force 
is recognized by mechanoreceptors, arising 
signals that induce the normal development 
of the endothelium: its cells are arranged 
in an orderly direction in the same sense of 
flow current, have similar morphology and 
sizes, and very tight intercellular junctions. 
As well, the endothelium operates normally, 
secreting anti-inflammatory, antithrombotic, 
and antiproliferative substances. When laminar 
flow is lost and it is transformed in a disturbed, 
non-laminar one, shear is low and occurs 
the opposite; there is a derangement in the 
orientation of the endothelial cells, their 
size varies, and the intercellular junctions 
become looser and more distant. Furthermore, 
endothelium dysfunctions, and secretes «rogue» 
substances proinflammatory, prooxidants and 
proliferative. For that reason, in sites of low 
shear (for example, on external walls borders 
of bifurcations and branches) the development 
of atherosclerotic lesions is more commonly 
observed. But when shear is abnormally 
augmented there are also consequences: 
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platelets are activated, and the cutting effect 
of friction can cause longitudinal tears in the 
endothelial aspect of the atheroma.

Eighth step. regression of some 
atherosclerotic lesions. Anichkov was the 
first who linked atherosclerotic lesions with 
cholesterol in rabbits fed with this lipid. He also 
documented that when experimental rabbits 
were returned to their normal vegetarian 
diet, lesions regressed dramatically. Recent 
studies utilizing intravascular ultrasound, a 
technique that allows to measure plaque 
volume, have shown that statins and PCSK9 
antibodies can induce a small anatomical 
regression of the plaque, and a concomitant 
intraluminal gain. Notwithstanding, more 
important is a «biochemical regression», in 
which vigorous lipid treatment lessens the 
cholesterol content in the plaque, which in 
turn reduces inflammation, oxidation, and 
apoptosis, leading to less vulnerability to 
rupture and therefore a lower incidence of 
acute vascular syndromes.
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Free radicals are atoms or groups of atoms 
that have a missing electron, so they are 

very reactive, trying to capture an electron 
from other atoms in order to achieve their 
electrochemical stability. The term «free 
radical» emphasizes a higher reactivity 
compared to molecules whose atoms are 
linked to each other by covalence (bond by 
electron sharing). Once the free radical has 
managed to subtract the electron (reduction) 
that it needs to stabilize, the stable molecule 
that loses it (oxidation) becomes in turn a free 
radical (it is left with an unpaired electron), 
thus initiating a chain reaction.

Because reactive species do not have 
specific acceptors/receptors, they have an 
indiscriminate aggressive capacity to interact 
with and damage cells and tissues.

Free radicals were first described in 1900, 
with the decomposition of hexa-phenylethane 
into two triphenylmethyl radicals. In 1956 
Denham Harman hypothesized that oxygen 
radicals could be formed as products of 
enzymatic reactions in vivo and described 
free radicals as «Pandora’s box of evils». He 
postulated the theory of free radicals causing 
aging, based on the premise that a single and 
common process (toxicity of free radicals) 
that is modifiable (increased) by genetic and 
environmental factors was responsible for the 
aging and death of all living beings.

There are three mechanisms of free 
radical formation:

1. Electronic transfer, in which the transfer of 
an electron to a molecule occurs.

2. Loss of a proton from a molecule.

3. Homolytic breaking of a covalent bond, so 
that each fragment conserves one of the 
paired electrons of the bond.

In cells, free radicals are produced through 
electron transfer reactions, with or without 
enzymatic participation.

As a product of metabolism, different types 
of free radicals are generated, such as:

1. Reactive Oxygen Species (ROS) examples 
of which are: superoxide anion, peroxide 
anion, perhydroxyl radical, hydroxyl radical.

2. Reactive Nitrogen Species (RNS): nitric 
oxide, peroxynitrite, among others.

The main sources of reactive species in the 
human body are the mitochondria, lysosomes, 
peroxisomes, as well as nuclear, cytoplasmic, 
and endoplasmic reticulum membranes.

Free radicals are also generated by several 
external factors, examples of which are: 
environmental pollution, exposure to ionizing 
radiation, tobacco consumption, chemical 
additives in processed foods and some xenobiotics 
such as pesticides, herbicides, and fungicides.

Superoxide anion (O2-
·) is the first free 

radical generated. This ROS induced the 
formation of other reactive species in the 
vascular endothelium, such as hydrogen 
peroxide (H2O2), hydroxyl radical (OH*), 
and peroxynitrite (ONOO−). Superoxide 
is generated through the partial reduction 
of molecular oxygen by the mitochondrial 
electron transport chain (ETC), as well as by 
NADPH oxidases, uncoupled endothelial nitric 
oxide synthase (eNOS) and xanthine oxidase.
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More than 95% of the O2 consumed by 
the cells is reduced by the aqueous route to 
H2O during mitochondrial respiration, while 
a small percentage (< 5%) is converted to 
superoxide. Once the free radical has been 
formed in the initial reaction, it has the ability 
to give up the electron to any other compound, 
originating new radicals, which constitutes 
the chain propagation reaction that can be 
amplified resulting in damage to body tissues. 
Superoxide anion is essentially produced in the 
mitochondria at the level of complex I and III, 
and its production is related to the leakage of 
electrons from the ETC that causes the partial 
reduction of molecular oxygen to O2-* instead 
of water. ROS produced in the mitochondria 
can directly affect the functionality of the ETC 
complexes by oxidizing their iron-sulfur centers, 
thus exacerbating ROS production.

The NADPH oxidases (NOX), a family 
of membrane-bound enzyme complexes, 
catalyze the reduction of molecular oxygen to 
O2-* by using NADPH as electron donor, this 
reflects their specific role in inducing a burst 
of ROS and bacterial killing in macrophages 
and other phagocyte cell types. NOX4 isoform 
is the most abundant in endothelial cells. 
Under physiological conditions, the NOX 
enzymes produce moderate levels of ROS 
that are required for normal redox signaling. 
In particular, the NOX2 and NOX4 isoforms 
induce proliferation and survival of endothelial 
cells activating MAPK and Akt. However, 
under pathological conditions, NOX4 may 
promote the formation of a pro-thrombogenic 
endothelial phenotype.

Nitric oxide synthases (NOS) are a family of 
enzymes that catalyze the production of NO and 
citrulline from oxygen and L-arginine. Electrons 
are transferred from NADPH to the heme iron 
and the cofactor tetrahydrobiopterin (BH4) 
to reduce and incorporate O2 into L-arginine 
generating nitric oxide (NO) and citrulline. 
Three isoforms of NOS exist; neuronal NOS 
(nNOS), inducible NOS (iNOS) and endothelial 
(eNOS). eNOS is the most abundant isoform 
expressed in endothelium. NO is a key 
determinant for vascular homeostasis since 
is the main vasodilatory substance release by 
the endothelium. However, under limited 
availability of substrates and/or cofactors, 

eNOS can generate superoxide instead of 
NO, a condition known as «uncoupling». 
Additionally, NO can react with superoxide 
generating peroxynitrite, another potent 
oxidant. Excessive peroxynitrite generation 
induces protein nitration contributing to 
mitochondrial dysfunction and endothelial cell 
dysfunction. Reduced BH4 bioavailability seems 
to be the main cause of eNOS uncoupling. In 
ROS-mediated endothelial dysfunction, BH4 
is oxidized to dihydrobiopterin (BH2) that 
cannot function as a cofactor of eNOS leading 
to eNOS uncoupling. NOS uncoupling could 
also be induced by the endogenous competitive 
inhibitor asymmetric dimethylarginine (ADMA).

On the other hand, xanthine oxidoreductase 
(XOR) a key enzyme involved in purine 
degradation that catalyzes the oxidation of 
hypoxanthine to xanthine and xanthine to uric 
acid, is expressed as a dehydrogenase form 
(XDH) but, under inflammatory conditions, a 
switch from the reductase form to the oxidase 
form (XO). ROS produced by the XO enzyme 
are the major source of oxidative stress under 
ischemia/reperfusion injury. XO is involved in 
the increased ROS levels and vascular injury 
observed in diabetes.

Interestingly, under normal physiological 
conditions, the body neutralizes ROS through 
various antioxidant mechanisms. When the 
capacity of antioxidant substances is exceeded, 
a situation known as oxidative stress (OS) is 
established. In other words, OS is a condition 
that manifests when the production of highly 
reactive substances exceeds antioxidant 
mechanisms. OS is related to numerous 
diseases such as obesity, cancer, type 2 diabetes 
mellitus and cardiovascular disorders.

Essentially, antioxidant defenses are divided 
into two large groups: enzymatic and non-
enzymatic; the first group refers to enzymes that 
constitute the first line of cellular defense against 
oxidative damage and these provide a protective 
function against biological oxidants, decreasing 
the intracellular concentration of free radicals. 
Among them are, superoxide dismutases 
(SOD), catalase, glutathione peroxidase (GPx), 
peroxiredoxins (Prx) and thioredoxin (Trx), 
among others. The non-enzymatic group, as a 
second line of defense, is made up of residual 
free radical scavengers, examples of them are: 
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reduced glutathione, uric acid, transferrin, 
lactoferrin, taurine, ceruloplasmin, ubiquinol, 
bilirubin, carotenoids such as vitamin A, vitamin 
E, vitamin C, butylhydroxytoluene (BHT), 
melatonin, among others.

Superoxide dismutase is the first in line 
among the enzymatic antioxidant defenses. 
Superoxide dismutases are a family of enzymes 
that catalyze the conversion of the superoxide 
anion to H2O2. There are three isoforms 
localized in different cellular compartments: 1) 
a cytosolic copper-zinc superoxide dismutase 
(SOD1 or CuZnSOD), 2) a predominantly 
mitochondrial manganese superoxide dismutase 
(SOD2 or MnSOD) and 3) an extracellular 
CuZnSOD (SOD3) with affinity for cell surface 
heparin sulfate proteoglycans. In endothelial 
cells the scavenging of superoxide by SOD1 
and the H2O2 production has been related 
with the hyperpolarization factor showing 
the relevance of the enzymatic activity in the 
normal endothelial functionality.

H2O2 is reduced to molecular oxygen 
and water by antioxidant enzymes, including 
catalase and peroxidases. Catalase participates 
in the adaptive response of cells to oxidative 
stress, and its expression may be increased 
in endothelial cells by oxidative factors, 
such as oxLDL.

Glutathione peroxidase (GPx) catalyzes 
the reduction of H2O2 to molecular oxygen 
and water by using monomeric glutathione 
as electron donor. Oxidized glutathione is 
subsequently converted into the reduced form 
by glutathione reductase enzyme. Four different 
glutathione peroxidases have been identified 
in mammals, the most abundant expressed is 
the isoform 1 or GPx-1 this enzyme is located 
both in the mitochondria and cytoplasm of 
endothelial cells.

The peroxiredoxins (Prx) are thiol specific-
enzymes that inactivate H2O2 to water using 
cysteine residues. Six peroxiredoxin isoforms 
have been identified, Prx1 isoform is implicated 
in the anti-oxidative and anti-inflammatory 
effects of laminar shear stress in vitro.

Thioredoxins (Trx) are located in both the 
cytosol and mitochondria. In addition to its role 
in regulating the redox state Trx is involved in 
the regulation of endothelial cell survival. In 
endothelial cells, Trx protein levels are finely 

regulated by H2O2 at low concentrations H2O2 
increased Trx levels and protected cells from 
apoptosis, while at higher concentrations (100-
500 μM) it induced apoptosis of endothelial 
cells via the degradation of Trx. These facts 
suggest that the modulation of reactive species 
may have several important roles in the 
cellular homeostasis.

Various pathological conditions, including 
hyperglycemia, hyperlipidemia, and arterial 
hypertension, as well as, aging and exposure 
to specific drugs, may influence endothelial 
function by disrupting the molecular 
mechanisms regulating NO bioavailability.

Free radicals and their role in disease 
showed that living organisms are not only 
adapted to a harmful coexistence with free 
radicals, but also have mechanisms developed 
for beneficial use of these. So, the production 
of reactive species or free radicals by itself 
is not harmful since they are participants in 
several normal functions oxidative stress is the 
condition that must be avoided or controlled.

There are numerous physiological functions 
that are modulated or controlled by signaling 
pathways related to redox-type reactions.  It is 
known that the action of free radicals or their 
derivatives as physiological mediators includes: 
regulation of vascular tone, perception of 
oxygen pressure, regulation of functions that 
are controlled by oxygen concentration, 
as well as enhancing intracellular signal 
transduction of various membrane receptors, 
including the lymphocyte antigen receptor 
and oxidative stress responses that ensure the 
maintenance of the redox system (oxidation-
reduction reactions).

A remarkable example is nitric oxide, 
this radical is a unique molecule, with the 
characteristics of a neurotransmitter; It 
has vasodilator activity, stimulates vascular 
smooth muscle synthesis and modulate 
platelet function. In the immune system, free 
radicals act as physiological mediators against 
bacterial infections.

Another function of free radicals is to be 
mediators in the synthesis of prostaglandins, 
cholesterol and steroid hormones. The 
hydroxylation of the aminoacids lysine and 
proline, necessary for collagen biosynthesis 
requires the participation of the free radical 
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• OH. However, while it is true that free radicals 
are fundamental elements in metabolism, they 
also constitute a risk, especially for cells and 
biomolecules, such as nucleic acids, proteins, 
polysaccharides and lipids.

Oxygen radical are capable of react with the 
nitrogenous bases or the pentoses that constitute 
DNA, forming the peroxyl radical, which results 
in structural damage and possible mutations. 
The oxidative damage to molecules is usually 
irreversible and can lead to denaturation of 
the molecule. In enzymes, it can impede their 
catalytic activity and in structural polysaccharides 
it causes their depolymerization, which leads to 
degenerative processes.

Lipids, especial ly those containing 
polyunsaturated fatty acids, are especially 
susceptible to developing uncontrolled 
oxidation processes. Cell damage is mainly 
caused by peroxidation of membrane lipids, 
allowing the passage of free radicals and 
calcium, which causes mitochondrial damage, 

releasing more free radicals into the intracellular 
environment, which cause a chain reaction, 
oxidizing proteins in their path, carbohydrates, 
membrane lipids (mitochondrial, nuclear and 
reticulum) including DNA itself.
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In 2015, it was estimated that there were 
415 million (uncertainty interval: 340-536 

million) people aged 20-79 with type 2 diabetes 
mellitus (DM2), 5 million deaths attributable to 
DM2, and the total global health expenditure 
due to diabetes were 673 billion U.S. dollars. 
Three-quarters (75%) of those with DM2 were 
living in low and middle-income countries. 
The number of patients with diabetes (20-79 
years old) will rise to 642 million by 2040.1 
Because of this, diabetes prevalence, deaths 
attributable to diabetes, and health expenditure 
due to diabetes have continued to grow across 
the world with important social, financial, and 
health system implications.

Role of diabetes mellitus dyslipidemia

Many patients with DM2 have dyslipidemia, 
which is essential in the rising of cardiovascular 
(CV) risk. Lipids and glucose play a crucial role 
in energy metabolism. It is well known that 
patients with diabetes often have dyslipidemia, 
characterized by increased triglycerides, 
low high-density lipoprotein cholesterol 
(HDL-c), a predominance of small-dense low-
density lipoprotein (LDL) particles, and higher 
concentrations of apoB-containing particles.2-4

However, recent research indicates 
that lipid changes may not be the only 
consequence of diabetes since they may also 
cause disturbances in glucose metabolism. 
Lipid changes are observed in insulin-resistant 
persons with normal glucose tolerance and in 
those with metabolic syndrome years before 
the clinical diagnosis of DM2 occurs.5 This 
suggests either co-associations of independent 
disorders or a pathophysiologic role for insulin 
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resistance, rather than hyperglycemia itself, in 
the development of diabetic dyslipidemia.

Although not all patients with diabetes 
show all manifestations, 60 to 70% of them, 
present some lipid abnormalities.6 Dyslipidemia 
is a major and probably the most critical link 
between diabetes and CV disease. However, 
hyperglycemia accelerates atheroma formation 
in the setting of diabetic dyslipidemia.

The metabolism of very-low-density 
lipoprotein (VLDL), the primary transporter 
of fasting triglycerides, is insulin-regulated at 
multiple levels. Insulin suppresses lipolysis 
and regulates circulating free fatty acids, 
which are substrates for VLDL cholesterol 
assembly and secretion. In the liver, insulin 
mediates the transfer of triglycerides to apoB 
and regulates lipoprotein lipase (LPL) activity 
to delipidate VLDL. LPL activity can be 
disrupted by increased circulating free fatty 
acids and inhibited by apoC III. In contrast, 
apoC III hinders hepatic uptake of triglyceride-
rich lipoproteins and is itself inhibited by 
insulin. Thus, in the insulin-resistant state, 
hypertriglyceridemia may result from elevated 
free fatty acid levels and decreased degradation 
of apoB, leading to over-production of VLDL, 
impaired lipoprotein lipase activity, and 
decreased hepatic uptake of VLDL with 
reduced VLDL clearance.

Increased free fatty acids (FFA) impair insulin 
signaling and cause subclinical inflammation 
with subsequent pancreatic β-cell dysfunction. 
FFA increase may be involved in the induction of 
a pro-thrombotic state. Interestingly, increased 
concentration of triglyceride-rich lipoproteins 
leads to increased catabolism of HDL, lowering 
its plasma concentration.
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In contrast, triglyceride-enriched LDL 
particles undergo hydrolysis, decreasing 
particle size and shifting the LDL phenotype 
towards small and dense LDL, which are more 
atherogenic than «normal» LDL. As such, lipid 
changes may not only be a consequence of 
impaired glucose metabolism, but they may also 
cause it. Seems that elevated concentrations of 
FFA disrupt or modulate the cascade linking 
insulin receptors with glucose transporters 
and impair the normal function of the β-cell. 
Hypertriglyceridemia (HTG) may induce 
subclinical inflammation, which then leads to 
insulin resistance and β-cell dysfunction. These 
lipid changes are seen in patients with overt 
diabetes and patients with metabolic syndrome 
and obesity, and they reflect insulin resistance 
rather than hyperglycemia. HTG can worsen 
glucose metabolism. This fact explains why it 
is more challenging to control hyperglycemia 
in patients with HTG than those with normal 
triglyceride values. It also explains why patients 
usually require less intensive antidiabetic 
treatment once their hypertriglyceridemia has 
been resolved. Mechanisms underlying diabetic 
dyslipidemia remain incompletely understood.

lipid-loweRing theRapy: statins 
in diabetes mellitus

Strong evidence showing that lipid-lowering 
therapy with 3-hydroxy-3-methylglutaryl-
coenzyme A (HMG-Co-A) reductase inhibitors 
(statins) reduces ASCVD event rates in diabetes 
mellitus is available from clinical trials.

Some statin’s benefits are potentially 
attributable to nonlipid-lowering related anti-
inflammatory effects. The 2016 guidelines from 
the American College of Cardiology/American 
Heart Association recognize the patients with 
diabetes mellitus (ages 40 to 75 years ) as 
one of the four principal groups to benefit 
from statins and recommend treatment with 
a moderate-intensity statin or a high-intensity 
statin for individuals with a ≥ 7.5% 10-year risk 
of cardiovascular disease.7 In subjects under 40 
or over 75 years of age, guidelines recommend 
individualizing statin therapy based on benefits 
of ASCVD risk reduction versus the potential 
for adverse effects, the interactions with 
other drugs, and patient preference. Statin-

induced lowering of LDL cholesterol levels by 
39 mg/dL (1 mmol/L) in high-risk individuals 
reduces coronary mortality risk by 19%, 
as demonstrated in a meta-analysis by the 
Cholesterol Treatment Trialists’ Collaboration. 
The magnitude of mortality benefits was 
similar for those with or without diabetes 
mellitus.7 A 21% reduction in major vascular 
events occurred per 1-mmol/L reduction in 
LDL cholesterol, irrespective of prior history 
of vascular disease, gender, age, body mass 
index (BMI), baseline systolic or diastolic blood 
pressure, smoking status, estimated glomerular 
filtration rate, cholesterol, or predicted annual 
risk of major vascular events. The collaborative 
atorvastatin diabetes study (CARDS) trial 
specifically assessed 2,838 patients DM2, 
including patients with a mean baseline LDL-c 
level of 117 mg/dL (3.0 mmol/L) randomized 
to atorvastatin 10 mg daily or placebo. Results 
of this trial show a 37% reduction in the 
primary cardiovascular composite outcome 
(time to first occurrence of acute coronary 
heart disease event, coronary revascularization, 
or stroke). The treating to new targets (TNT) 
study examined whether lowering LDL 
cholesterol below the threshold recommended 
at the time (100 mg/dL, 2.59 mmol/L) would 
result in more significant cardiovascular risk 
reduction. For that reason, 1,501 patients with 
diabetes mellitus and coronary artery disease 
(CAD) were randomized to atorvastatin 10 
mg versus 80 mg daily. Treatment decreased 
LDL-c levels to a mean of 98.6 mg/dL (2.55 
mmol/L) versus 77 mg/dL (1.99 mmol/L), 
respectively. There was also a 25% reduction 
in major cardiovascular events after 4.9 years of 
treatment. This study provides further evidence 
that more aggressive LDL-lowering reduces 
ASCVD in diabetes mellitus.

non-statin lipid-loweRing

Despite the reduced risk of ASCVD with statin 
therapy, a residual risk remains for diabetic and 
non-diabetic patients, and further lowering 
of lipids may be of value. The Improved 
Reduction of Outcomes: Vytorin Efficacy 
International Trial (IMPROVE-IT) supports 
the use of a combination of simvastatin 
and ezetimibe, a nonstatin LDL-lowering 
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molecule (which reduces intestinal cholesterol 
absorption) to further lower cardiovascular 
risk. The primary composite cardiovascular 
endpoint of cardiovascular death, nonfatal 
myocardial infarction, unstable angina requiring 
rehospitalization, coronary revascularization, 
or nonfatal stroke was 6% lower comparing 
ezetimibe with placebo administered with 
simvastatin, with a greater 14% cardiovascular 
benefit among those with diabetes mellitus.

phaRmacologic inteRventions to 
modify hypeRtRiglyceRidemia and 
loweR dl levels have not shown a 

cleaR Reduction in clinical haRdpoints

Targeting the diabetic lipid abnormalities; 
increased triglycerides, low HDL cholesterol, 
and small LDL cholesterol particle size will 
further benefit remains as a relevant question. 
Recent trials, as the lipid arms of action to control 
cardiovascular risk in diabetes (ACCORD) and 
the fenofibrate intervention and event lowering 
in diabetes (FIELD), examined fenofibrate 
effects. In the ACCORD trial, all patients were 
randomized to intensive glycemic control, and a 
subset of patients was enrolled in the ACCORD 
Lipid trial to receive simvastatin plus fenofibrate 
or placebo. Although there was no difference in 
the annual rate of primary composite outcomes 
of major adverse cardiovascular events (nonfatal 
myocardial infarction, nonfatal stroke, or death 
from cardiovascular causes) for the fenofibrate 
in comparison with placebo group, subgroup 
analysis revealed 29% fewer events in those 
with baseline triglyceride ≥ 204 mg/dL (2.31 
mmol/L) and HDL cholesterol ≤ 34 mg/dL (0.88 
mmol/L). These results are consistent with the 
FIELD study in 9,975 individuals with DM2 not 
under statin therapy. No effect of fenofibrate 
was observed on the primary outcome of 
coronary events (coronary heart disease death 
or nonfatal myocardial infarction) in the entire 
cohort. However, a 14% cardiovascular event 
reduction in the subgroup with low cholesterol 
linked to high density lipoproteins (HDL-c) at 
baseline (p = 0.02) and a similar trend in those 
with HTG at baseline (p = 0.07) was observed.

In the atherothrombosis intervention 
in metabolic syndrome with low HDL/high 
triglycerides and impact on global health 

outcomes (AIM-HIGH), a study that evaluated 
the addition of niacin to intensive statin 
therapy (simvastatin plus ezetimibe if needed 
to maintain LDL concentrations of 40-80 mg/dL 
[1.04-2.07 mmol/L]) in patients with established 
cardiovascular disease and low HDL-c (median 
baseline of 35 mg/dL [0.91 mmol/L]), where 
approximately one-third of participants had 
diabetes mellitus, no difference in the primary 
composite endpoint was observed despite 
increasing HDL-c concentration from 35 
to 42 mg/dL (0.91-1.09 mmol/L), lowering 
triglycerides from 164 to 122 mg/dL (1.85 to 
1.38 mmol/L), and lowering LDL-c from 74 to 
62 mg/dL (1.92 to 1.61 mmol/L).

Consideration can also be given to adding 
fibrate therapy for an individual with DM2 and 
residual HTG with low c-HDL levels, once the 
patient is on goals with statin therapy. In this 
context, ezetimibe may represent a reasonable 
choice for additional cardiovascular risk 
reduction, especially in those patients with 
DM2 and acute coronary syndrome. This is 
consistent with the most recent Standards of 
Medical Care for Diabetes by the American 
Diabetes Association (ADA),8 which cite a 
level A evidence showing that the addition 
of ezetimibe to moderate-intensity statin 
therapy may be considered for patients with 
a recent acute coronary syndrome with LDL 
cholesterol ≥ 50 mg/dL (1.3 mmol/L) or for 
those patients who cannot tolerate high 
intensity statin therapy.

The 2019 European Society of Cardiology 
(ESC) Guidelines for the management of 
dyslipidemias,9 suggest that if treatment goals 
are not achieved with the maximum tolerated 
dose of a statin, combination with ezetimibe is 
recommended. The combination therapy with a 
statin and fibrate has not been shown to improve 
ASCVD outcomes in the broad diabetes mellitus 
population and is generally not recommended. 
Of note, the Scientific Statement on Prevention 
of Cardiovascular Disease in type 2 diabetes 
mellitus by the American Heart Association 
and American Diabetes Association (AHA/ADA) 
does not recommend the addition of a fibrate 
to statin therapy.

There is limited data on the impact of 
adding omega-3 fatty acids to statin therapy 
in patients with high plasma triglyceride 
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levels treated with statins. The REDUCE-IT 
trial examined the effects of icosapent ethyl 
2 g b.i.d. on CV events in 8,179 high-risk 
patients with HTG under a statin therapy. 
Over a median of 4.9 years, a significant 
(p < 0.001) 25% reduction in the composite 
primary outcome of CV death, non-fatal MI, 
non-fatal stroke, coronary revascularization, 
or unstable angina.

ldl-loweRing with pcsK9 inhibition

The newest class of c-LDL-lowering formulations 
are monoclonal antibodies against proprotein 
convertase subtilisin/kexin type 9 (PCSK9). 
PCSK9 inhibitors prevent the degradation 
of LDL-c receptors, allowing for increased 
removal of LDL-c from the circulation. 
Alirocumab and evolocumab are 2 PCSK9 
inhibitors recently approved by the Food and 
Drug Administration (FDA). Alirocumab was 
approved for use alongside diet and maximally 
tolerated statin therapy in adults with 
heterozygous familial hypercholesterolemia 
or patients with clinical ASCVD who require 
additional lowering of LDL-c. A post hoc 
analysis of the effect of alirocumab on 
cardiovascular outcomes was performed 
in the long-term safety and tolerability of 
alirocumab in high cardiovascular risk patients 
with hypercholesterolemia not adequately 
controlled with their lipid modifying therapy 
(ODYSSEY LONG TERM) trial showed a 48% 
reduction in major adverse cardiovascular 
events (p = 0.02). The cardiovascular outcome 
trial FOURIER10 (the further cardiovascular 
outcomes research with PCSK9 inhibition in 
subjects with elevated risk), was a placebo-
controlled trial involving 27,564 patients with 
ASCVD and LDL-c concentrations of 70 mg/
dL (1.8 mmol/L) or higher who received statin 
therapy, with a primary efficacy endpoint 
composed by CV death, myocardial infarction, 
stroke, hospitalization for unstable angina, or 
coronary revascularization. At 48 weeks, the 
percentual reduction in LD-cL concentrations 
with evolocumab, was 59%, from 92 mg /dL 
(2.4 mmol/L) to 30 mg/dL (0.78 mmol per liter) 
(p < 0.001). Relative to placebo, evolocumab 
treatment significantly reduced the risk of the 
primary endpoint (1,344 patients [9.8%] vs 

1,563 patients [11.3%]; hazard ratio, 0.85; 
95% confidence interval [CI], 0.79 to 0.92; 
p < 0.001) and the key secondary endpoint 
(816 [5.9%] vs 1,013 [7.4%]; hazard ratio, 
0.80; 95% CI, 0.73 to 0.88; p < 0.001). 
These findings show inhibition of PCSK9 with 
evolocumab on a background of statin therapy 
lowered LDL-c to a median of 30 mg /dL (0.78 
mmol/L) and reduced the risk of CV events.

This evidence shows that the strategy and 
primary objective of treating dyslipidemia in 
both non-diabetic and diabetic patients are to 
achieve the LDL-c goals determined by each 
patient’s risk. This goal is < 55 mg/dL in very 
high-risk diabetic or non-diabetic patients 
with additional cardiovascular risk factors or 
ASCVD. The goal is < 70 mg/dL in high risk 
diabetic or non-diabetic patients and < 100 
mg/dL in diabetic or non-diabetic patients with 
moderate risk.

conclusions

Diabetes mellitus and dyslipidemia commonly 
occur together, with lipid abnormalities 
affecting 60% to 70% of patients with DM2 
and hyperglycemia accelerates atheroma 
formation in the setting of diabetic dyslipidemia. 
Dyslipidemia is crucial in mediating the CV risk 
in diabetes. HTG and low c-HDL may also 
induce glucose metabolism disturbances and 
may thus be the consequence and the source of 
hyperglycemia. Diabetes mellitus exacerbates 
the mechanisms of atherosclerosis. Aggressive 
management of CV risk factors, particularly 
lowering of LDL-c concentration, provides 
substantial prevention of CV outcomes. The 
role of new potent lipid-lowering therapies 
(PCSK9 inhibitors) and lipid-lowering drugs that 
target triglycerides and HDL-c needs further 
studies. Although the overall management of 
diabetes mellitus has improved substantially 
over the past two decades, there is a significant 
unmet need for cardiovascular prevention.
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Science can be described as art of 
systematic oversimplification.

Karl Popper

Dyslipidemias have a very close relationship 
with the broad nosological spectrum 

of atherosclerosis. The correct diagnosis of 
lipid disorders, immersed in the genetic, 
epigenetic, organic, and behavioral contexts 
of each patient, is essential to establish the 
most appropriate therapeutic approach. The 
above concept is easily expressed in just a 
few words, but the exercise is much more 
complex than it seems, because it requires 
the employment of hermeneutical tools and 
a rather complicated integrative process of 
knowledge and experience. After all, despite 
multiple attempts to use computational 
techniques, till the date, machine computers 
have not been able to outperform the ability of 
human brain in carrying out these tasks.

It is a common place to say that medicine is 
a science as well as an art. Indeed, is an applied 
science (the application of scientific knowledge 
to solve specific practical problems), but at 
the same time, it is an art, because its practice 
demands skills that practitioners have to get 
through learning experience, observation, or 
clinical research.1 In that way the practicing 
physician, based on the scientific platform 
of lipidology, puts into practice the art of 
diagnosing and treating lipid disorders.

It is undoubtedly correct to refer to the lipid 
profile (the measure of the serum concentration 
of main lipids and lipoproteins) as something 
individual and unique for each considered 
patient. The science and art of medicine 

must unveil the lipid abnormalities through 
the interpretation of this profile into a more 
extensive clinical setting. The word interpret, 
derived from the Latin interpretari, has multiple 
and practical connotations, from which the 
term is defined as the meaning or explanation 
of something, to the elucidation of events or 
acts that can be understood in different ways. 
Interpretation reveals the meaning of some 
reality. For example, the art and technique 
of interpret texts (hermeneutics) leads to the 
discovery of their true meaning. In other words, 
interpretation gives meaning to expressions, 
texts, signs, numbers, or ideas. However, for 
Edgar Morin reality perceptions «are both 
translations and brain reconstructions». This fact 
implies that representation and interpretation 
of observational facts are subject to the risk of 
error and illusion.2

Scientists often generate working models 
that conceptually represent systems, ideas, 
hypothesis, or real physical, natural or biological 
phenomena. These scientific models must be 
confronted with our current knowledge, and 
they also must be verified by observations or 
research. Lipid metabolism is so complex that 
challenges the ordinary modelling processes 
used by scientists.3 However, one of the most 
important duties of scientific medicine is to 
clarify to the practitioner those metabolic 
and physiological complexities, to provide 
pragmatic and useful tools that allow them to 
carry out their daily clinical tasks.

Some applicable concepts that we use 
in the interpretation of phenomena or data, 
are the following. «Normal», means a usual, 
current, or accepted characteristic or value, 
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without exceeding or being below the average. 
«Optimal», in the other hand, signifies what 
is the best or insuperable, while «desirable», 
denotes a convenient acceptance to what is 
fair and correct for a given circumstance. On 
its part, «high», designates something above 
the considered usual or averaged values or 
concepts. «Index», means sometimes a quotient 
relating two variables (body mass index, waist-
hip circumferences, etc.). In times, the term is 
applied to a variable normalized to compare 
values in different individuals: cardiac index, 
indexed ventricular volumes, etc. Very often, 
an index is a non-dimensional or pure number, 
without defining physical units (as Woods 
peripheral resistance units). In mathematics, an 
index is a number which is raised to a power. 
This one is also an index, signifying how many 
times it is necessary to multiply the number by 
itself. Finally, ratio is a proportion, the relation 
between two amounts. Such concepts are 
used very frequently to qualify clinically many 
variables as blood pressure, body temperature 
or serum lipids and lipoproteins concentrations, 
among many others.

Table 1 shows the interpretation of serum 
lipids and lipoproteins values, according 
with the experts of the Third Adult Panel 
of Treatment (ATP III), part of the National 
Cholesterol Education Program (NCEP), 
published in 2001.4 The accepted «normal» 
values of lipids and lipoproteins have evolved 
drastically, from the time when the impact of 
lipids on cardiovascular events was practically 
unknown or underestimated, to the present day 
where scientific evidence has solidly established 
the role of lipids in atherogenesis. In recent 
times, the concept of «desirable values» is 
linked to the cardiovascular risk of each patient, 
according to the number and severity of the 
accumulated risk factors, the age, gender and 
already presence of cardiovascular disease. At 
higher risk, the decrease in atherogenic lipids 
should be greater. Contrary to what happens 
with the concentration of blood glucose or 
the level of blood systemic pressure, with 
serum lipids concentrations seem that there 
is not the so-called J-curve, that is, a rise in 
pathogenicity when very low levels of these 
variables are reached. Table 2 shows the 
new target goals proposed by the European 

Society of Cardiology and the European 
Atherosclerosis Society (EAS).5 Those values of 
LDL are not in fact «very low» concentration of 
atherogenic lipids and lipoproteins, bur instead 
represent their true physiological levels found 
in anthropomorphous apes, contemporary 
hunters-gatherers tribesmen, vegetarians, 
and human babies.

Table 3 shows the different composition 
of lipoproteins, that explains its physiologic 
and pathogenic behaviors. A differential 
characteristic of lipoproteins is the type of 
apolipoprotein that are structural part of 
their phospholipid/cholesterol cover. Apo B 
and Apo E, for example, function as ligands 
of high-affinity receptors in the liver and 
other tissues, which remove atherogenic 
lipoproteins from the circulation, while C-II 
apolipoprotein acts as a coenzyme of the 
capillary lipoprotein lipase which hydrolyze 
the triglyceride load of CHY and VLDL, and 
A-I apolipoprotein performs many activities, 
as reverse cholesterol trafficking, as well as 
numerous immunologic, anti-inflammatory, 
and anticoagulation actions.6-8

Table 1: Lipids and lipoprotein  
values, according with the ATP III.4

Lipid or lipoprotein, mg/dL Interpretation

Total cholesterol
< 200 Desirable
200-239 Borderline high
≥ 240 High

LDL cholesterol
< 100 Optimal
100-129 Near optimal
130-159 Borderline high
150-189 High
 ≥ 190 Very high

HDL cholesterol
< 40 Low
≥ 60 High

Triglycerides
< 150 Normal
150-199 Borderline high
200-499 High
≥ 500 Very high
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Although the paradigm of LDL-c «the 
cholesterol hypothesis» remains one of the 
strongest pillars of primary and secondary 
prevention of atherosclerosis, technological 
innovations, and current clinical and basic 
research, however, have expanded the relation 
between lipid pathology and atherosclerotic 
cardiovascular diseases (ASCVD). The role of 
hypertriglyceridemia in this regard has been 
somewhat underestimated, especially by the 
United States lipid guidelines. Notwithstanding, 
there is growing and compelling evidence 
about the importance of triglycerides (TG) 
and triglyceride-rich lipoproteins (TRLs) in 
the development of atherosclerosis and its 
cardiovascular outcomes, including death, 
mainly in overweighed/obese, insulin-resistant, 
aged patients. So, the cholesterol contained 
in very-low-density and intermediate density 
lipoproteins, are more atherogenic than 
LDL-c in this type of patients. This recognition 
is even more pertinent in our country, 
where hypertriglyceridemia and atherogenic 
dyslipidemia, linked to abdominal obesity 
and insulin resistance, affect a considerable 
proportion of our population.9

The importance of Lp(a), a small variant 
of LDL, with single copies of Apo B100 and 
apolipoprotein a has been extensively studied. 
It seems that is involved in several activities, 
as angiogenesis, tumor growth, inflammation, 
thrombosis, and atherogenesis, among others. 
Probably the cut-off value of Lp(a) is about 
500 mg/L, from which the cardiovascular risk 
rises, although it has not been established in all 
ethnic groups.10,11

Interpretation of the lipid profile in clinical 
grounds is aimed to two main purposes: the 

estimation of the risk of suffer an episode 
of ASCVD or acute pancreatitis. Table 3 
concentrate different variables and markers 
of lipid atherogenicity. Instead, only TRLs, 
TG themselves, and the ratio TG/HDL-c, are 
markers or predictors of pancreatitis risk. 
Probably, in a not-too-distant future, we are 
going to change drastically the manner of 
interpret lipid and lipoprotein profile. The 
quantification of the number and size of 
atherogenic lipid particles, mainly the small 
and dense LDL will be the correct form of 
express lipid pathology.12 But by the time 
being , as the most accurate method of 
measure LDL-c is by means of a costly and 
time-consuming ultracentrifugation technique, 
in practice generally is estimated employing 
the Friedewald’s13 formula:

LDL-c = TC – HDL-c – (TG/5)

The quotient TG/5 comes from the fact 
that in VLDL particles, cholesterol represents 
20% of the lipid mass. The accuracy of the 
formula starts to decrease with a TG value of 
250 mg/dL.14 If TG exceed the value of 400 
mg/dL, the formula is not applicable at all.14 
Despite how cheap and easy it is to estimate 
LDL-C in such manner, the method is very 
coarse and subject to many sources of error. 
To make the question more troublesome, if 
the European recommendation of measure 
non-fasting TG is followed, in many more 
patients, Friedewald formula will be less 
useful. US Guidelines15 recommends the 
Martin adjustable reformulation of Friedewald 
equation for the estimation of LDL-c:

LDL-c = TC - HDL-c - (TG/adjustable factor)

The adjustable factor can be selected 
from a table formed by the relation between 
TG and non-HDL-c values (Table 4) obtained 
from data of almost a million cases in which 
LDL-c was measured by ultracentrifugation. 
But again, the adjusted formula cannot be 
used in severe hypertriglyceridemia. The 
Sampson16 formula, a rather complicated 
mathematical  approach, seems to be 
more accurate and useful in the presence 
of severe hypertriglyceridemia, but still 

Table 2: New goals for LDL-c  
according with the risk category.

Risk category
LDL-c therapeutic goal, 

mg/dL

Low risk < 115
Moderate risk < 100
High risk < 70
Very high risk < 55
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needs more clinical verification. Other 
techniques for the estimation of LDL-c are 
the direct homogenous assays (not requiring 
ul t racentr i fugat ion) ,  whose technical 
description is beyond the limits of this article. 
Suffice to say that these techniques have not 
attained universal acceptance for accuracy, 
complexity, and cost considerations.14 Finally, 
as previously stated, a very promising method 
is the quantification of LDL particles, and the 
estimation of their size, by nuclear magnetic 
resonance (NMR) spectrometry. With this 
advanced and innovative technology, the 
atherogenic profile of patients can be easily 
disclosed.12 The method not only measure 
directly and rapidly lipids and lipoproteins, 
but also the number of LDL particles and 
its subclasses, providing similar information 
about VLDL and HDL. Table 4 exhibits the 
optimal or desirable values of all the lipid 
and lipoprotein variables commonly used to 
profile the ASCVD risk.

It is difficult to understand that to date in 
the first-contact clinics of our national health 
system, the complete profile of basic lipids 
is not measured, but only TC and TG. It is 
impossible, as was already discussed above, 
with these meager data, to correctly estimate 
the risk profile of the patient and establish 
accordingly the appropriate treatment or the 

decision to send the patient to a higher level 
of care. If this is done for financial and savings 
reasons, in the long run the cost of ASCVD care 
colossally exceeds the relatively cheap price of 
a good preventive medicine.

A special  considerat ion about the 
laboratories reports is necessary. In general, 
with a few exceptions, the way in which 
public and private laboratories report lipid 
and lipoproteins results is outdated, causing 
confusion, anxiety, and discontent in both 
patients and practitioners. The inadequate 
use of «normal or reference values» may cause 
uncertainty in physicians and patients, and 
lead to erroneous, sometimes catastrophic, 
decisions. We must propose strongly that 
all laboratory reports do not include those 
misleading and confusing terms «reference or 
normal values». Instead, it would be helpful 
the following legend: The interpretation of 
the reported values is the responsibility to the 
treating physician. This interpretation will be 
carried out in accordance with the individual 
cardiovascular risk level.

In conclusion, the art and science of 
interpreting lipid data must be a generalized 
instrument in the hands of every physician. 
The correct diagnosis and treatment of 
dyslipidemias are one of the strongest pillars 
where cardiovascular prevention is supported.

Table 3: Composition of lipoproteins.

Lipoprotein Cholesterol (%) Triglycerides (%) Apolipoprotein(s) Density, g/L Size, nm

Chylomicrons 5 90 A-I, A-II, A-IV, B48, C II, E < 0.95 50-500
Remnants of chylomicrons Triglyceride content > cholesterol B48, E < 1.006 < 30

Variable relationship
Very low-density lipoprotein 20 65 B100, C II, E < 1.006 30-80
Intermediate density lipoprotein 35 30 B100, E 1.006-1.019 25-35
Low-density lipoprotein 50 10 B100 1.019-1.063 18-28
High-density lipoprotein
(HDL2)
(HDL3)

15   5 A-I, A-II 1.063-1.125
1.125-1.210

9-12
5-9

There is an inverse relationship between density and the size of the lipoproteins. Lipoproteins can be separated on those with atherogenic capacities (with 
apolipoproteins B100 or E), and those protectives (HDLs). Also, they are distinguished in triglyceride-rich lipoproteins (TRLs) and those that serve to 
transport cholesterol to the tissues and from these back to the liver (LDL and HDLs). Each lipoprotein is characterized for a type of apolipoproteins, 
situated in the particle cover, with several functions (see text).
Modified from:  Anonymous6, Gotto A et al.7
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Table 4: Atherogenic lipids, lipoproteins, apolipoproteins, and markers.5,9

Variable/units Desirable or optimal values

LDL-c, mg/dL Borderline < 130; desirable < 100; optimal ~50-70
TG, mg/dL < 150

Non-HDL cholesterol, mg/dL (= TC - HDL-c) Optimal ~< 100; borderline 100-129
Remnant cholesterol, mg/dL (= TC - LDL-c - HDL-c Optimal < 19; desirable ~< 30
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men and < 3 in women in secondary prevention
LDL-c/HDL-c quotient < 3 in men and < 2.5 in women in primary prevention, and < 2.5 in 

men and < 2 in women in secondary prevention
TG/HDL-c quotient Optimal < 2; desirable 2-3.9

Abbreviatures as in the text. Non-HDL cholesterol represents the whole set of atherogenic lipoproteins with Apo B. Its measure is particularly indicated 
in cases of severe hypertriglyceridemia, which prevents the use of Friedewald’s formula. Remnant cholesterol is a measure of TRLs: CHY, its remnants, 
VLDL, and IDL. LDLsd is the number of small and dense highly atherogenic particles, whose proportion increase in hypertriglyceridemic states. The 
first three quotients of the table simply describe the direct relation between atherogenic cholesterol or apolipoprotein B and ASCVD risk, and the inverse 
relation between that risk and HDL-c or its main apolipoprotein, A-I. The last ratio, TG/HDL-c is more complex, because signals the state of insulin 
resistance and its relationship with atherogenic dyslipidemia.
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acids, CHOL can esterify; TGs, which should 
be named triacylglycerides, are constructed by 
three molecules of fatty acids (saturated and 
unsaturated) esterified to one of glycerol.

TGs are crucial in the body for energy 
storage/obtention. To be transported in 
the blood, these molecules need to mix 
with proteins, forming complexes known as 
lipoproteins that help the mobility of lipids in 
the bloodstream.

During digestion, the intestine releases into 
circulation the chylomicrons synthesized in the 
enterocyte. The hepatic delivery of TG-rich, 
very-low-density lipoproteins (VLDL) into the 
bloodstream is mainly dependent on TG de 
novo synthesis. This procedure aims to provide 
TG to peripheral tissues. The elimination of 
such molecules from VLDL and chylomicrons is 
mediated by different enzymes and gives rise to 
smaller sizes fragments and lower consolidation 
of TGs. They possess distinct thickness since it 
increases as their magnitude and content of 
fatty acids decrease. Low-density lipoproteins 
(LDLs) form in the process, with a high relative 
aggregation of cholesterol and low in TG.

Most of  the LDLs are el iminated; 
nonetheless, up to 20% of them can infiltrate 
the vascular wall and can be oxidized and 
retained in the subendothelial space, initiating 
local reactions connected to the development 
of atherosclerosis. All lipoproteins with a 
diameter of fewer than 70 nanometers can 
permeate the arterial intima.

Under physiological conditions, the 
transporter named cholesteryl ester transfer 
protein (CETP) exchanges lipid molecules 
between the various lipoproteins. Mature 

The structural characteristics of lipids, being 
organic compounds essentially made up of 

carbon and hydrogen, give them the ability to be 
an energy reservoir since, when metabolized, 
they release nine kcal/g (compared to the four 
kcal/g released during carbohydrate metabolic 
degradation to CO2 and H2O). Nevertheless, 
the structure they have makes them insoluble 
in water. From a metabolic point of view, not 
interacting with this liquid is an advantage of 
fats stored as energy repositories, contrasted to 
carbohydrates. Given the significant interaction 
of carbohydrates with water, one would require 
approximately 30 kilograms of carbohydrates 
to obtain the power generated from only five 
kilograms of fat; however, their hydrophobicity 
makes the transport of lipids in biological fluids 
very difficult.

The chemical structure of these biomolecules 
is diverse; some examples of such entities 
are steroids, fatty acids, phospholipids, and 
glycolipids, among several.

To form part of biological structures or be 
transported in aqueous liquids such as blood, 
lipids must be modified or related to molecules 
that can interrelate with water. An example 
of those are phospholipids made up of two 
chains of fatty acids, a phosphate group and a 
glycerol or sphingosine group. Therefore, this 
association contains both fragments that attract 
(hydrophilic) and that repel (hydrophobic) 
water; that is, they are amphipathic molecules, 
which allows them to play a critical role in the 
constitution of cell membranes.

On the other hand, the two main types of 
fatty molecules in the blood are cholesterol 
(CHOL) and triglycerides (TGs). With fatty 

Vol. 32 Suppl. 3
July-September 2021

Cardiovascular and 
     Metabolic Science

doi: 10.35366/100793



Ceballos G et al. Serum lipids evaluation, is it all done?s180

Cardiovasc Metab Sci. 2021; 32 (s3): s179-s181 www.cardiovascularandmetabolicscience.org.mx

HDL-c, whose purpose is to bring cholesterol 
to the liver for its elimination or reprocessing, 
exchanges cholesterol with TG-rich lipoproteins 
(TRGs) as VLDL and remnants, receiving TG 
in turn. This action, added to the hydrolysis 
performed by capillary and hepatic lipases, 
results in smaller and depleted cholesterol 
LDL particles. Consequently, to obtain similar 
amounts of cholesterol, smaller LDL besides 
highly atherogenic elements will be needed.

The clinical evaluation of complex 
abnormalities in lipid metabolism is generally 
limited only to assessing the serum concentration 
of CHOL, TG, and high-density lipoprotein 
(HDL) with which LDL denseness is calculated. 
Nevertheless, direct methods can determine 
LDL aggregation. However, with conventional 
methods, it is not possible to measure the size 
and number of LDL units and, therefore, their 
atherogenic capacity, making the appraisal of the 
standard lipid profile a very limited procedure.

Multiple efforts have been implemented 
to solve that limitation. In this regard, to 
improve the clinical certainty of the risk linked 
to the concentration of serum lipids, the 
valuation of non-HDL CHOL, the remainders of 
cholesterol, or the apolipoprotein B aggregation 
have been used.

Non-HDL CHOL, in the fasting state, 
represents all atherogenic lipoproteins, and for 
that reason, its value has a very good correlation 
with cardiovascular danger. LDL appears with 
normal TG concentrated at 70-80% of non-
HDL CHOL, permitting an estimate of the 
cardiovascular risk reasonably. This parameter 
is useful even in hypertriglyceridemia, except 
when very high accumulations of TG are present. 
When TG serum denseness is around or above 
500-700 mg/dL, chylomicrons are present 
alone (type I dyslipidemia) or accompanied 
with VLDL (type V). But in both conditions, 
primary, genetic hypertriglyceridemia or 
secondary to diabetes or insulin resistance 
syndromes, the higher the TG concentration, 
the more notable incorporation of particles 
with lesser or absent atherogenic power (big, 
floating, parent VLDL, CHYLO, or its vestiges) 
to the estimation of non-HDL-c, lessening its 
risk prediction usefulness.

Moreover, the remnants of cholesterol are 
obtained by subtracting the build-up of HDL and 

LDL from total cholesterol accumulation; this 
value loses its relevance in high concentrations 
of TG (it presents the same disadvantages as 
the calculation with the Friedwald formula). 
On the other hand, the determination of 
Apo B is a very good approximation for 
the appraisal of the total of lipoprotein 
elements; it has a highly accurate correlation 
with cardiovascular events. Conversely, it 
does not define the relative distribution of 
lipoproteins; as an example, high aggregations 
of Apo B can be found in subjects with 
hypertriglyceridemia or hypercholesterolemia, 
making the differentiation a complex process.

Considering the complexity of lipid 
metabolism, the relationships between the 
diverse lipoprotein particles and the degree of 
atherogenicity they possess depend on both 
their amount and magnitude, not only on global 
lipid concentrations. Consequently, it becomes 
necessary to have more accurate methods 
to facilitate the lipoproteins measurements 
(number of elements and types), better define 
such variations, and allow a more precise 
individual cardiovascular peril assessment.

There are alternative possibilities for 
quantifying lipoproteins that use spectra 
obtained from them through nuclear magnetic 
resonance (NMR) techniques. Those methods 
are based on the physical properties of the 
methyl groups (-CH3) of cholesterol and TG in 
the lipoproteins as they «resonate» (vibrate or 
excite and de-energize) at different frequencies 
depending on the size of the particle and its 
content (small molecules do so at lower rates).

The first developed or one-dimensional 
NMR approach quantif ies the various 
lipoproteins by decomposing the global 
signal into individual pointers or by statistical 
means through computational procedures. 
This method has advantages since it allows to 
determine the concentration of the lipoproteins 
more accurately; however, the sizes and 
numbers of those fragments are still arrived 
at indirectly.

The second NMR alternative, of more 
recent development, employs the benefits 
of resonance together with the diffusion 
characteristics of the lipoproteins. This type 
of NMR in two dimensions (NMR-2D) uses 
the molecules’ hydrodynamic properties 
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(diffusion coefficient). From that, using the 
Stokes-Einstein equation, the particular extent 
of each lipoprotein is calculated. Because it 
depends on its magnitude and complexity, 
a lipoprotein carried by water on a matrix 
displaces differently.

This  methodology quant i f ies  tota l 
cholesterol, LDL (directly), HDL, non-HDL 
cholesterol, remaining CHOL, and triglycerides, 
as well as the composition of cholesterol and 
TG in VLDL, LDL, and HDL. It also determines 
the dimension and accumulation of particles 
(large, medium, and small) of the major classes 
of lipoproteins.

These determinations should admit a better 
characterization of the patients’ risk in the initial 
evaluations. They also allow for an improved 
follow-up of persons with insulin resistance, 
obesity, diabetes mellitus, chronic kidney 
disease, rheumatoid arthritis, lupus, and all 
those pathologies in which dyslipidemias can 
increase the cardiovascular danger.

The search for increasingly accurate 
diagnostic alternatives should grow the 
possibility of preventing cardiovascular events 
in patients. The quantification of the type, 
size, and quantity of lipoproteins by NMR 
techniques is an alternative that will make it 

possible to craft a higher-quality diagnosis and 
implement enhanced prevention and treatment 
measures for dyslipidemias.
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IntroductIon

Dyslipidemia is a public health problem in 
Mexico. Its prevalence is very high, and 

most cases are not detected or treated. This 
favors the development of atherosclerosis and 
its organic complications such as myocardial 
infarction (IM) and ischemic stroke, two of 
the main causes of loss of years of productive 
life, disability, premature death, and high 
economic and social costs. The data from the 
2012 National Health and Nutrition Survey 
are worrying; 87% of the patients were 
unaware of their cholesterol level and only 3% 
were diagnosed, treated and in control. This 
explains why the burden of cardiovascular 
disease in our population is very large and 
constantly increasing. Ischemic heart disease 
and cerebrovascular disease, closely linked to 
atherosclerosis, are among the leading causes of 
death in our country. An additional, continuous, 
and coordinated effort is required to adequately 
detect and treat patients, reduce the burden of 
atherosclerosis, and strengthen the health of 
our population.1

dyslIpIdemIa causes atherosclerosIs

Dyslipidemia is a heterogeneous group 
of diseases with a genetic background, 
which develop because of inadequate diet, 
sedentary lifestyle, and smoking, and which 
are frequently associated with abdominal 
obesity, arterial hypertension (HT) and 
diabetes mellitus (DM). They begin early in 
life, their evolution is subclinical, and they are 
characterized by elevated or inadequate levels 

of lipids and lipoproteins in plasma that cause 
atherosclerosis and organic complications. 
Their prevalence is very high (Table 1), and 
they are considered the most common 
modifiable cardiovascular risk factors in 
Mexico. Given its «silent» nature, screening 
with a complete lipid profile in every health 
evaluation visit is a cost-effective strategy in 
cardiovascular prevention.2

atherosclerosIs causes 
chronIc organIc dIsease

Atherosclerosis is a disease of the arterial 
wall secondary to a chronic and progressive 
inflammatory process that begins in childhood 
and has a long subclinical course. Its main 
causal factor is the high or inadequate level of 
cholesterol, especially that transported in low-
density lipoproteins (LDL-c), although smoking, 
abdominal obesity, HT, and DM accelerate 
it through various mechanisms. The damage 
begins with the entry, retention, accumulation, 
and oxidation of LDL in the intima of the 
arteries. This causes inflammation, endothelial 
dysfunction, changes in vascular reactivity, 
increased platelet aggregation, and activation 
of processes such as apoptosis, fibrosis, and 
angiogenesis. With the development of 
atheroma plaque, there is vascular remodeling, 
arterial lumen is gradually reduced, and blood 
flow is disturbed. The consequences are 
ischemia and organ damage and dysfunction 
(Table 2). The clinical course of atherosclerosis is 
unpredictable and various types of intervention 
have shown that its natural history can 
be modified.3,4
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atherosclerosIs causes 
acute complIcatIons

Atherosclerosis is a process that develops 
gradually over decades, although its acute 
complications generally occur suddenly and 
without previous clinical manifestations. This 
transition from an apparently stable to an 
unstable process is due to the progressive 
incorporation of lipids, inflammatory activity, 
the weakness of the fibrous layer, its increased 
stress, and damage to the endothelium 
with erosion or rupture. When this occurs, 
substances that activate coagulation are 
exposed and form the thrombus that partially 
or totally occludes the vascular lumen. 
This situation is optimally treated with 
reperfusion procedures, anti-ischemic, anti-
thrombotic, and lipid-lowering drugs (statins), 
which together improve organ perfusion, 
accelerate tissue repair, and prevent new 
atherothrombotic outcomes. The rapid, 
significant, and sustained reduction of 
LDL-c, qualitatively modifies the atheroma, 
decreases its lipid content and inflammation, 
modifies macrophage activity, increases 
collagen content, strengthens the fibrous layer, 
decreases the production of thrombogenic 
substances, stabilizes the plate and reduces 
the risk of rupture. Despite this, the patient 
with complicated atherosclerosis continues 
at a very high-risk level (residual risk), for 
which more intensive treatment strategies 
have been developed with increasingly lower 
LDL-c goals.5-7

atherogenIc lIpoproteIns

LDL is the main causal factor of atherosclerosis 
and LDL-c is the main goal of treatment.8,9 
However, LDL-c does not include other 
lipoproteins such as VLDL and its remnants 
that are triglyceride-rich particles (TG) with 
apolipoprotein B (ApoB), capable of diffusing 
to the sub endothelium and participating in 
the atherogenic process. Non-HDL cholesterol 
(mon-HDL-c), which includes LDL, VLDL and 
their remnants, and lipoprotein (a) or Lp(a), 
and ApoB levels, are the best markers of total 
atherogenic lipoproteins and are they can 
be used as a secondary goal of treatment in 
patients with elevated TG, DM, or abdominal 
obesity. Non-HDL-c is obtained by subtracting 
HDL-c from total cholesterol, correlates well 
with total lipoproteins with ApoB, is not affected 
by triglyceride level, it does not matter if the 
sample was not taken in fasting conditions, and 
its measurement does not add any cost. This 
parameter is important in our country where 
the combination of high TG levels and low 
HDL-c levels is present in 34.5% of adults.1,3,9,10 
Another atherogenic lipoprotein is Lp(a), which 
is a LDL particle with an apolipoprotein called 
apo (a) on its surface. In most patients (~90%) 
is genetically determined, can spread to the 
sub endothelium, and has pro-thrombotic and 
pro-inflammatory effects. Its elevated level is 
associated with a greater atherothrombotic 
risk, although this depends mainly on the 
increase it causes in the plasma level of LDL-c. 
Its measurement is recommended to identify 

Table 1: Prevalence of dyslipidemia in Mexico.1

Phenotype Diagnostic criteria (mg/dL) Prevalence (%)

Hypercholesterolemia ≥ 200 30.6
Hypertriglyceridemia ≥ 150 47.4
Hypercholesterolemia + hypertriglyceridemia ≥ 200 + ≥ 150 22.1
Low HDL levels < 40 55.2
Elevated LDL levels ≥ 100 56.1
Elevated Non-HDL levels ≥ 130 56.8

HDL-C = Cholesterol in high-density lipoproteins, LDL-C = Low-density lipoprotein cholesterol, Non-HDL-C = Total 
cholesterol minus HDL-C.
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patients with a high level of genetic origin 
(> 180 mg/dL), in those with a family history 
of premature atherosclerotic disease, and for 
reclassification in those with an intermediate 
risk level (Figure 1).1,9,10-14

the fIrst step Is to estImate the 
overall cardIovascular

The level of LDL-c is only one of the indicators 
used to estimate global cardiovascular risk. 
This is determined by the synergistic effect of 
all the risk factors present in the patient and 
exists from the beginning of the atherogenic 
process. Knowing the level of risk of suffering 
an atherosclerotic outcome is the critical step 
in the primary prevention strategy. To estimate 
it, algorithms designed based on the results of 
prospective cohort studies with medium and 
long-term follow-up are used that considering 
the rate of cardiovascular disease and death in 
each country. These algorithms are not exact, but 
they are a good approximation and an excellent 
educational resource to make the physician and 
the patient perceive the risk. In addition, they 
provide the opportunity to use additional risk 
indicators for reclassification or to complement 
the estimate with subclinical atherosclerosis 
detection studies. In secondary prevention, 
that is, in high or very high-risk patients, it is 
not necessary to make this estimate. Their main 
utility is that they help to identify the patient in 

whom the pharmacological intervention is more 
likely to be beneficial individually and socially. 
This strategy seeks the maximum net benefit of 
the intervention with the greatest safety and at 
the lowest cost for the patient.9,15

ldl-c, the lower the better

In 27 clinical studies, that compared statin 
versus placebo and intensive versus less 
intensive statin regimen, it was shown that 
lowering the LDL-c level intensively, reduces 
major adverse cardiovascular events (MACE), 
coronary death, myocardial infarction, need 
for revascularization and ischemic stroke, 
in all risk groups. This benefit was directly 
proportional to the degree of LDL-Cc decrease 
and more evident at the highest risk level. 
In general, statins were able to reduce the 
atherothrombotic risk by 22% for every 38.6 
mg/dL decrease in LDL-c during 5 years of 
treatment. The effect maintained throughout 
the studies was independent of baseline LDL-C 
and remarkably constant in all subgroups of 
patients. In the studies that compared the most 
intensive with the least intensive strategies, an 
additional decrease of 20 mg/dL of LDL-c was 
associated to an added reduction of 15% in 
higher outcomes, 13% in coronary outcomes, 
19% in coronary revascularization, and 16% in 
Ischemic stroke. Total mortality was reduced 
by 10%, mainly because due to reduction 

Table 2: Dyslipidemia causes atherosclerosis and organic complications.

Dyslipidemia Vascular damage Organic damage

Inadequate levels of: Atherosclerosis Complications
• LDL
• VLDL
• Remnants of VLDL
• Lp(a)
• Apo B
• HDL
• Non-HDL C

• Coronary
• Carotid
• Aortic
• Peripheral

• Ischemic heart disease; MI, UA, SD, arrhythmias, HF
• Cerebrovascular disease; TIA, cerebral infarction, 

cognitive impairment
• Aortic disease; Aneurysm, renovascular 

hypertension, CKD, mesenteric ischemia
• Peripheral arterial disease

LDL = low-density lipoproteins, VLDL = very low-density lipoproteins, Lp(a) = Lipoprotein a. Apo B = Apolipoprotein B, 
HDL = high density lipoproteins, Non-HDL C = total cholesterol minus HDL. MI  = myocardial infarction, UA = unstable 
angina, SD = sudden death, HF = heart failure.
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of coronary death and s from other cardiac 
causes. This benefit far outweighed any risk 
from the use of these drugs and allowed to 
conclude that greater decreases in LDL-c are 
safe and achieve a further reduction in the 
incidence of major vascular outcomes. These 
results permit to assume that the benefit is 
directly proportional to the absolute decrease in 
LDL-c, that is, the greater the 13% in coronary 
outcomes, 19% in coronary revascularization, 
and 16% in Ischemic stroke. Total mortality was 
reduced by 10%, mainly because on coronary 
death and on death from other cardiac causes. 
This benefit far outweighed any risk from the 
use of these drugs and allowed to conclude 
that greater decreases in LDL-c are safe and 
achieve a further reduction in the incidence of 
major vascular outcomes. These results permit 
the assumption that the benefit is directly 
proportional to the absolute decrease in LDL-c, 
that is, the greater the greater the decrease in 
LDL-c attained with statins, the greater the 
prevention of atherothrombotic outcomes 
(Figure 2).16-18

reducIng ldl-c Induces 
regressIon of atherosclerosIs

The atherosclerosis evaluation studies by 
intracoronary ultrasound demonstrated an 
inverse relationship between the degree of 
LDL-C decrease and the rate of progression 
of the atherosclerotic process. An early 
study compared a strategy of lower intensity, 
pravastatin 40 mg/day, with another of greater 
intensity, atorvastatin 80 mg/day, and showed 
that the higher intensity approach reduced 
LDL-c by almost 50% (20% more than the lower 
intensity treatment), greater decrease in other 
lipoproteins and inflammation markers, and 
lower rate of progression of coronary atheroma. 
These results confirmed that it is possible to 
change the natural history of the disease, slow 
its progression and achieve regression in some 
cases. A paradigm shift was generated towards 
more intensive lipid-lowering strategies to stop 
and reverse the atherogenic process.19 This and 
other studies consistently demonstrated that the 
progression of coronary atherosclerosis could 
be halted if LDL-C levels were reached less 
than 70 mg/dL. However, intensive strategies 

with lower LDL-c goals finally achieved results 
compatible with regression of the atherogenic 
process. A study with rosuvastatin 40 mg/day, 
which attained an average LDL-c of 60.8 mg/
dL, showed a reduction of both, the area and 
the volume of coronary atheroma plaques, and 
established that at this level of LDL-c, atheroma 
regression is reached in patients with coronary 
artery disease.20 Another study compared 
rosuvastatin 40 mg/day versus atorvastatin 
80 mg/day, and showed similar results in 
regression of coronary atheroma despite the 
fact that rosuvastatin achieved a lower LDL-C 
level than atorvastatin (62.6 vs 70.2 mg/dL).21 
Although it is inferred that there is clinical 
benefit from the regression of atherosclerosis, 
in these studies no correlation was made with 
clinical outcomes since this requires a greater 
number of patients, a higher rate of main 
outcomes, and longer time of follow-up. The 
above mentioned is a solid foundation for the 
concept that the regression of atheroma plaques 
is accomplished by reaching LDL-C levels below 
70 mg/dL or by reducing it by at least 50% from 
the baseline level.

combIned lIpId-lowerIng therapy 
achIeves better results

Ezetimibe, a selective inhibitor of the Niemann-
Pick C1-Like 1 (NPC1L1) protein that transports 
cholesterol from the intestinal lumen to the 
interior of the enterocyte, reduces cholesterol 
absorption, decreases LDL-c by 15-20%, and 
up-regulates of the LDL receptor in several 
tissues. In a comparative study between 
simvastatin and ezetimibe 40/10 mg/day 
versus simvastatin 40 mg/day, the combination 
achieved a lower LDL-c level (54 mg/dL) than 
monotherapy (70 mg/dL), a difference of 
16 mg/dL (17%) which meant an additional 
2% reduction in the absolute risk of the 
primary endpoint of analysis that included 
cardiovascular (CV) death, MI, unstable 
angina (UA), revascularization procedures and 
ischemic stroke. MI was reduced 13% and 
ischemic stroke 21%. There was no difference 
between groups in CVD or death from any 
cause. This result allowed ezetimibe to be 
included in the intensive treatment strategy, 
especially after an acute coronary outcome if 
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the LDL-c goal has not been achieved with a 
high-intensity statin at the maximum tolerated 
dose.22 In a study of atherosclerosis regression 
the combination of atorvastatin (20-80 mg/day) 
and ezetimibe (10 mg/day) decreased LDL-c an 
additional 10% to monotherapy and achieved 
higher indicators of regression of coronary 
atheroma. Ezetimibe also suppressed the 
compensatory increase in intestinal cholesterol 
absorption that occurs with statins, which could 
explain part of the benefit.23 Current guidelines 
recommend adding ezetimibe to patients who 
have not achieved the goal despite maximum 
tolerated doses of statins, in patients with 

primary hypercholesterolemia and in those who 
do not tolerate high doses of statins.

PCSK9 (Proprotein Convertase Subtilisin 
Kexin 9) is a soluble protein enzyme that 
participates in the regulation of cholesterol 
content in the liver. Its function is to bind 
together with LDL to the specific receptor, 
intern with the complex formed through 
endocytosis and promote the degradation of 
the receptor to reduce its expression on the 
surface of the hepatocyte. Evolocumab and 
alirocumab are PCSK9 inhibitor monoclonal 
antibodies that prevent the degradation of the 
LDL receptor, favoring its re-expression on the 

Figure 1: Plasma lipoproteins according to their density, size, and representativeness in the fractions measured in the 
laboratory.
Lipoproteins according with their density, size, and representativeness in the fractions measured in the laboratory. The typical lipid 
profile consists in the measurement of total cholesterol (TC), triglycerides (TG), cholesterol linked to high-density lipoproteins (HDL-c), 
cholesterol linked to very low-density Plasmatic lipoproteins (VLDL-c), and cholesterol linked to low-density lipoproteins (LDL-c). How-
ever, sometimes also are estimated the remnants of VLDL (Remnant-c), and the cholesterol no liked to HDL (Non-HDL-c). Remnant-c 
is calculated as follows: TC - HDL-c-LDL-c, i.e., the amount of cholesterol do not linked to LDL and HDL, representing only the TG-rich 
lipoproteins (VLDL, their remnants, and in the postprandial state, also the chylomicron remnant. Non-HDL is estimated as follows: TC-
HDL-c, representing a total measurement of atherogenic lipoproteins. The measurement of Apo-I and Apo B100 is an alternative of 
estimating HDL and LDL lipoproteins. Cholesterol content o Lp(a), representing one third of the mass of this lipoprotein, is included in 
the estimation of TC, LDL and non-HDL-c. The measurement of Apo B, includes the content of this apolipoprotein in the Lp(a.)
Langlois MR et al.10
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Figure 2: Linear association between the decrease in the plasma level of LDL-C with statins and the reduction in the 
rate of coronary outcomes.
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Reduction:

Study C-LDL Outcomes

 1 4S 66 34
 2 WOSCOPS 50 31
 3 CARE 30 23
 4 Post-CABG 39 13
 5 LIPID 30 24
 6 AFCAPS/TexCAPS 41 37
 7 GISSI-P 18 10
 8 MIRACLE 63 8
 9 HPS 39 27
10 ALLHAT-LLT 17 9
11 LIPS 32 31
12 PROSPER 33 23
13 ALERT 35 35
14 ASCOT-LLA 37 36
15 CARDS 40 36

The results of 24 clinical studies comparing the effects 
of statins versus placebo, that included 146,900 patients 
with diverse clinical conditions, showed that lessening 
LDL-c concentration, mainly in intensive form, is associ-
ated to a reduction of major outcomes (coronary death, 
myocardial infarction, need of revascularization, and isch-
emic stroke), in all risk categories.

Reduction:

Study C-LDL    Outcomes

16 ALLIANCE 16 17
17 4D 16 18
18 ASPEN 33 27
19 MEGA 19 33
20 CORONA 61 8
21 JUPITER 54 54
22 GISSI-HF 30 11
23 AURORA 29 11
24 SHARP 29 8

Mean 36 24

70
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Table 3: Evolution of the LDL-C goals* in cardiovascular prevention.

Risk level
ATP I
1988

ATP II-III
1994-2001

ATP III
2004

ESC/EAS
2011-2016

ACC/AHA
2013-2018

ESC/EAS
2019

Very high < 130 < 100 < 70 < 70 < 70 < 55
High < 160 < 130 < 100 < 100 < 100 < 70
Moderate – < 130 < 130 < 115 – < 100
Low – < 160 – < 115 – < 116

* Values in mg/dL ≥ 50% reduction from basal level

ATP = adult treatment panel, NCEP = National Cholesterol Education Program, ESC = European Society of Cardiology,  
EAS = European Atherosclerosis Society, ACC = American College of Cardiology, AHA = American Heart Association.

hepatocyte surface and lowering the LDL-c 
level an additional 40 to 60%. In a study that 
included 27,564 patients with atherosclerotic 
cardiovascular disease on statin treatment 
and a LDL-c level out of the recommended 
goal (70 mg/dL or non-HDL-c <100 mg/
dL), evolocumab was able to decrease the 
LDL-c from 92 to 30 mg/dL while in the 
placebo group there was no significant change 
from baseline. This decrease bring-off an 
additional 1.5% reduction in the absolute 
risk of the primary endpoint of analysis that 
included CVD, MI, stroke, UA and coronary 
revascularization, during a median of 2.2 years 
of follow-up. The benefit was sustained during 
treatment, it was consistent in all the studied 
subgroups but greater in those that attained 
lower levels in LDL-c, as well than in those 
with the highest baseline absolute risk. There 
were no differences in CV death and death 
from any cause. Evolocumab also decreased 
the Lp (a) level by 27%, possibly contributing 
to the benefit.24 Another study included 
18,924 patients with history of a recent acute 
coronary outcome, on statin treatment at the 
maximum tolerated dose and with a level of 
LDL-c < 70 mg/dL, non-HDL-C < 100 mg/dL, 
or ApoB < 80 mg/dL. Alirocumab decreased 
LDL-c from 92 to 37 mg/dL what was associated 
to an additional 1.6% reduction of absolute risk 
of the primary endpoint of analysis, including 
MI, CVD, stroke, and hospitalization for UA, 
during a median of 2.8 years of follow-up. 
The risk reduction was greater in patients with 

baseline LDL-C ≥ 100 mg/dL than in those with 
a level below it. Although there was a 0.4-0.6% 
reduction in the absolute risk of CV death 
and death from all causes, the difference was 
not significant.25 Both studies demonstrated 
that these drugs are safe and well tolerated, 
strengthening the concept that patients with 
atherosclerosis benefit from lowering LDL-C to 
a level less than 50 mg/dL and that at least in the 
medium term, there is no secondary harm from 
this. PCKS9 inhibitors are indicated in high and 
very high-risk patients (secondary prevention 
or severe primary hypercholesterolemia) who 
have not achieved the LDL-C goal despite 
ezetimibe and high-intensity statins at the 
maximum tolerated dose, or well in those who 
have had statin toxicity.

Another drug studied in combination 
with statins with the aim of reducing 
ischemic cardiovascular outcomes is ethyl-
eicosapentaenoic acid (EPA), a highly purified 
and stable ethyl ester of EPA that decreases 
TG levels by reducing liver production of 
VLDL and increasing its depuration. The 
study included 8,179 patients with very high 
cardiovascular risk treated with statins, and 
with fasting TG between 135 and 499 mg/
dL and LDL-c between 41 and 100 mg/dL, 
and compared a group treated with statins 
and ethyl-eicosapentaenoic acid 4 g/day 
versus another with statins and placebo. The 
primary endpoint of analysis was a composite 
of CV death, MI, stroke, UA, and coronary 
revascularization, with a median follow-up 
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of 4.9 years. The combination decreased the 
TG level by 18.3% (39 mg/dL) while in the 
placebo group it increased 2.2% (44.5 mg/
dL). LDL-c increased 3.1% (2 mg/dL) with 
the combination and 10.2% (7 mg/dL) in the 
placebo group, that is, about 6.6% (5 mg/dL) 
increased less with the combination than with 
placebo (p < 0.001). The primary endpoint of 
analysis was 25% lower with the combination, 
which meant a reduction of 4.8% in the 
absolute risk and a necessary number to treat 
(NNT) of 21 patients to treat for 5 years to 
avoid a primary outcome. In general, the 
incidence of ischemic outcomes was lower 
with the combination, and this included a 20% 
lower risk of CVD. It is important to note that 
these results were obtained in patients treated 
with statins and a baseline median LDL-c of 75 
mg/dL. A safety aspect to consider is the higher 
rate of hospitalizations for atrial fibrillation 
or flutter (3.1 vs 2.1%, p=0.004) and the 
higher incidence of bleeding (2.7 vs 2.1%, 
p = 0.06) in the group that received ethyl 
acid-eicosapentaenoic. The magnitude of the 
result obtained is not sufficiently explained by 
the decrease in the TG level. Other effects, 
antithrombotic, anti-inflammatory, at the level 
of the atheroma plaque or on the stability of 
the membrane could be involved, Up to date, 
the mechanism or mechanisms responsible for 
the benefit are unknown. The divergence of 
the outcome incidence curves suggests a late 
onset of benefit from reducing the TG level or 
the start of other mechanisms.26

The combination of high-intensity statins 
with other lipid-lowering drugs with different 
mechanisms of action is a recommended 
therapeutic option in specific cases to achieve 
an additional decrease in LDL-c and a greater 
reduction in cardiovascular outcomes.27

evolutIon of ldl-c treatment goals

Clinical studies indicate that the greater the 
absolute decrease in LDL-C, the greater the 
reduction in atherosclerotic outcomes, and 
that the strategies of greater intensity are 
the ones that obtain the best results. It has 
also been shown that the higher the level 
of risk, the greater the benefit for achieving 
the recommended goals and that there is no 

threshold level of LDL-c below which the benefit 
is lost or there is some type of harm. The timely 
initiation of treatment and the achievement and 
maintenance of the goal are very important in 
the prevention of atherothrombotic outcomes. 
Clinical practice guidelines emphasize this, 
and the recommendations evolution is the 
product of advances in knowledge and better 
understanding of the biology of atherosclerosis. 
The goals have increasingly gone beyond what 
was previously established (Table 3), especially, 
because, while the goals are more stringent, the 
preventive results are better.9,28-35

conclusIons

Reducing LDL-C and other atherogenic 
lipoproteins is the primary goal of prevention 
of atherosclerotic cardiovascular outcomes. The 
intensity of the therapeutic intervention should 
be proportional to the level of cardiovascular 
risk estimated in all patients. Therapeutic 
modifications in lifestyle are essential to 
improve the lipid profile and that of the other 
present risk factors. In most high-risk patients, 
the goal should be to lower LDL-c to below 70 
mg/dL or to achieve a reduction of at least 50% 
from baseline LDL-c. In very high-risk patients, 
it is appropriate to reduce LDL-c below 55 
mg/dL. If the goal is not achieved with a high 
intensity statin at the maximum tolerated dose, 
the addition of ezetimibe and if required, a 
PCSK9 Inhibitor is indicated. It is the significant 
and permanent reduction in LDL-c that has 
achieved the best results in clinical studies. 
LDL-c reduction, the sooner, faster, lower, 
and longer the better, is a concept that has 
solid scientific support. However, the residual 
risk continues to be high in most patients in 
secondary prevention and this has motivated 
the search for different intervention strategies. 
New lipid-lowering drugs are in development 
that have shown efficacy and safety in initial 
clinical studies. Changes in cardiovascular 
prevention strategies are likely to occur in 
the coming years.
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BACKGROUND

In the last decades Mexico have experienced 
accelerated epidemiological, nutritional, 

and anthropometric transitions, that have 
changed substantially the pathological profile 
of its population, as well as the main causes 
of general morbidity and mortality. This rapid 
transformation took health authorities, social 
security institutions, medical community, and 
society itself by surprise. The year before the 
pandemic of COVID-19, myocardial infarction 
was the leading cause of overall mortality, 
with more than 100,000 victims. Mortality 
from myocardial infarction in Mexico is the 
highest among the countries encompassed 
in the Organization for Economic Co-
operation and Development (OECD), which 
groups together some of the most important 
economies in the world.

Beneath the increase in fatal and non-
fatal cases of atherosclerotic cardiovascular 
diseases (ASCVD) in Mexico, lies the epidemic 
of diabesity and dysmetabolic obesity and 
overweight (the misnamed «metabolic 
syndrome»). Diabetes and obesity share 
many physio-pathological mechanisms, as the 
binomial insulin resistance/hyperinsulinism, 

lipid triad, chronic inflammation, nitroxidative 
stress, and hypertension, among others, 
al l  of  them possessing powerful  pro-
atherogenic effects.

In fact, Mexican population has a very 
peculiar cardiometabolic profile: obesity 
or overweight ravage 70% or more of the 
adult population; at least, 60% of the 
population have low values of high-density 
lipoproteins (HDL-c), about half of our 
people have hypertriglyceridemia, more 
than half exhibits the so-called lipid triad 
(atherogenic dyslipidemia), and 25-30% 
suffered high blood pressure, among other 
relevant vascular risk factors.

Among the numerous factors  and 
problems that hinder the adequate control 
of the atherosclerosis epidemic in Mexico 
are a corroded and technologically backward 
national health system, a lack of enough 
financial resources for health, insufficient 
number of trained physicians and nurses, 
absence of public policies focused in primary 
and secondary atherosclerosis prevention, an 
imperfect system of timely risk factor detection, 
and a slow and red-taped referral and counter-
referral flow between the different levels of 
the health pyramidal system. In addition, 
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we do not have a proper system of vascular 
risk scale that considers the peculiarities of 
contemporary Mexicans.

The correct estimation of risk has paramount 
importance in primary prevention because 
allows a scientific based prognosis, predicts 
vascular outcomes, differentiates high-risk 
patients, and guides and tailors the application 
of several preventive measures. Currently 

there are a handful of risk scales (SCORE, 
GLOBORISK, ASCVD Risk Calculator plus from 
AHA/ACC, etc.), none of them free of criticisms, 
which reflect the characteristic of other 
populations, quite different from our own.

These scoring systems are estimated from 
algorithms derived from certain national or 
international cohorts. In general, as these 
studies are very costly and burdensome, all the 

Table 1: Lindavista cardiovascular risk score.

Risk factor grading Score Risk factor grading Score

Age (years) female Systemic systolic blood pressure (mmHg)
< 30 -3 < 140 0
30-39 -1 140-159 1
40-49 0 160-179 2
50-59 1 ≥ 180 3
> 60 2 Systemic diastolic blood pressure (mmHg)

Age (years) male < 90 0
< 30 -1 90-99 1
30-39 0 100-109 2
40-49 1 ≥ 110 3
50-59 2 Fasting glycemia (mg/dL)
> 60 3 < 100 0

Smoking (daily consumption) 100-126 1
Never smoked or former smokers  
(at least in the last year)

0 127-140
≥ 140

2
3

Cigarette consumption Total cholesterol (mg/dL)
1-5 per day 1 < 200 0
6-10 per day 2 200-239 1
> 10 per day 3 240-279 2

Body mass index (kg/m2) ≥ 280 3
< 25 0 Triglycerides (mg/dL)
25-29.9 1 < 150 0
30-34.9 2 150-199 1
≥ 35 3 200-499 2

Abdominal circumference in women (cm) ≥ 500 3
< 80 0 HDL-c (mg/dL)
80-84.9 1 ≥ 60 0
85-89.9 2 40-59 1
≥ 90 3 30-39 2

Abdominal circumference in men (cm) < 30 3
< 90 0 LDL-c (mg/dL)
90-94.9 1 < 100 0
95-99.9 2 100-129 1
≥ 100 3 130-159 2

≥ 160 3



Meaney E et al. Appropriate scale of atherosclerotic risk for Mexicanss194

Cardiovasc Metab Sci. 2021; 32 (s3): s192-s195 www.cardiovascularandmetabolicscience.org.mx

current risk scales have been done in developed 
and rich countries, as the United States or some 
European Union nations. In less developed 
countries, the lack of this type of studies, 
force the care providers to use those systems 
that are meaningful for the populations that 
provided the data from which the scales were 
estimated. The claiming that all human beings 
share the same traits, ignores unscientifically 
human biodiversity, and the particularities 
given by different genetic, ethnic, dietary, and 
environmental influences.

In this context, our group took the data 
from the Lindavista study, an essay of multiple 
primary prevention interventions, which 
reflects the profile of a cohort of urban middle-
class inhabitants of northern Mexico City, as 
a first step to develop a risk scale according 
with our anthropometric and metabolic 
idiosyncrasies.

The «Lindavista risk scale». The Lindavista 
cohort is composed by a convenient sample 
of 2,602 individuals aged 35 or older, of 
either gender, and free of clinical ASCVD 
at recruitment, and whose characteristics 
have already been published. Eleven traits, 
including age and gender were considered 
(Table 1). Arbitrary values between 0 to 
3 (positive or negative) were assigned to 
each factor, according to their magnitude, 
considering the contemporary concepts 
of «normality» of each one. The sum of all 
scoring variables (maximally 33) was named 
«Lindavista risk scale», representing both, the 
number of risk factors and its magnitude, as 
both correlates closely with the incidence of 
clinical outcomes.

Calibrating the «Lindavista risk scale». 
The risk scale was calculated in all cohort’s 

participants. To calibrate the meaning of 
these numbers, we use an atherogenic index, 
national and internationally proven as a reliable 
and simple risk.

Index: the ratio between triglycerides 
(TG) and high-density lipoprotein (HDL-c), 
which high values reflect insulin resistance 
and l ipid tr iad, correlat ing wel l  with 
coronary mortality, endothelial dysfunction, 
dysglycemia, and vascular lesions extension. 
Using the conventional interpretation of the 
values of this index and its interpretation in 
terms of risk, we could assign the lowest risk 
characterization to Lindavista scores < 4, 
intermediate risk to 4 to 12, and high-risk 
beyond that value (Table 2). The next steps 
should be to compare both the TG/HDL-c 
index and the Lindavista Risk Score values 
with the ASVCD risk estimated with the 
traditional scales, and of course to test both 
in prospective, long-term studies (Figure 1).

This is only the beginning of the search 
for the epidemiological Golden Fleece (a 
sign of authority and legitimacy in Greek 
mythology), that can give scientific validity to 
the measurement of atherosclerotic vascular 
risk in our country.

Table 2: Atherogenic quotient  
(triglycerides/HDL-c).

Atherogenic index value Interpretation

< 2.0 Ideal
2.0-3.9 Low risk
4.0-5.9 Intermediate risk
≥ 6.0 High risk

Figure 1: Lindavista cardiovascular risk score and TG/
HDL-c index.
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IntroductIon

Nutritional interventions for the prevention 
and control of dyslipidemia and in 

turn of cardiovascular risk have varied 
greatly over the last decade. Currently, it 
is suggested to follow an eating pattern of 
diets containing specific percentages of 
macronutrients. Guidance focused on specific 
dietary patterns is more likely to improve 
meals quality and promote cardiovascular 
health. Eating patterns can be defined as the 
combination of foods and beverages that 
a person consumes, adaptable to subject’s 
characteristics, allowing the incorporation 
of foods usually consumed, and considering 
traditions, culture, and economic possibilities. 
They need to contain macronutrients, as 
carbohydrates, proteins, and lipids, as well 
as micronutrients like vitamins, minerals, 
and polyphenols. These regimes also must 
consider the water contained in food groups: 
fruits, vegetables, grains and seeds, meats, 
dairy products, fats, and oils. A healthy eating 
pattern must limit the ingestion of saturated 
fats (less than 10% of total energy), unsaturated 
fatty acids of the trans subtype, (that are 
proinflammatory and proatherogenic), as well 
as added sugars and sodium.1

Examples of eating patterns are the 
Mediterranean, vegetarian, Dash, and cornfield 
diet, among others.

What to eat to control 
hypercholesterolemIa?

It is known that approximately 80% of 
circulating cholesterol in plasma is determined 
by the human genotype, age, gender, and 
physiological or pathological states. The 
remaining 20% is determined by the dietary 
ingestion of cholesterol and saturated fat.

Among the components of the diet that can 
help to control plasma lipids concentrations 
are phytosterols, sterols of plant origin 
whose chemical structure is very similar to 
that of cholesterol, and phytostanols (fully 
hydrogenated, saturated phytosterols). They 
are found in fruits, seeds, leaves and stems 
of practically all vegetables. Although more 
than 25 different compounds constitute this 
group, three of them are found in the highest 
proportion in foods: α-sistosterol, campesterol 
and stigmasterol, that together account for 95-
98% of all identified phytosterols.

A consumption of 1.5 to 4 grams/
day of phytosterols and phytostanols is 
recommended, which on average will reduce 
cholesterol by 10%.2

Based  on  the i r  phy s i cochemica l 
characteristics, they are known to act as 
cholesterol-lowering agents because they lead to:

a) A decrease absorption of cholesterol by 
competition in two fronts. Firstly, as these 
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compounds are more lipophilic, they limit 
the incorporation of cholesterol in the 
mixed micelle formed by the action of 
phospholipids and bile salts in the intestinal 
lumen. In this way, phytosterols take the 
place of cholesterol, and the non-emulsified 
cholesterol (displaced from the micelle) 
cannot be absorbed and is eliminated in 
the feces in the form of neutral sterols. 
Secondly, the only entrance way of all type of 
sterols through the brush border enterocyte 
membrane is a protein named Nieman-Pick 
C1L1. Both cholesterol and phytosterols and 
phytostanols compete for this single input, so 
the higher the amount of dietary plant sterols, 
the less cholesterol absorption.3,4

b) A reduction of cholesterol esterification in 
the enterocytes by inhibiting the activity 
of the enzyme acyl-Co-A-cholesterol-
acyltransferase (ACAT). In this process the 
cholesterol is not re-esterified and as well, 
it is not incorporated into the chylomicrons, 
thus stimulating the flow towards the 
intestinal lumen of unesterified cholesterol.

c) Stimulating the efflux of cholesterol from 
the enterocytes into the intestinal lumen 
by increasing the activity and expression 
of the ABC-type transporters (ABCG5 
and ABCG8, mainly), that are membrane 
proteins specialized in expelling metabolites 
from the cell.4,5

Dairy fats are generally rich in saturated fatty 
acids and are also high in monounsaturated fatty 
acids (MUFAs). The latter contrary to the former, 
decrease plasma cholesterol levels, stimulating 
the number of low-density lipoproteins (LDL) 
liver receptors.6 Additionally, milk fats contain 
other biologically active lipids, including 
conjugated linoleic acid and low levels of long-
chain n-3 polyunsaturated fatty acids (PUFAs) 
that have the potential to mitigate coronary 
heart disease risk factors. Also, dairy products 
are rich in calcium. Two meta-analyzes have 
reported an inverse relationship between higher 
calcium intake and reduced blood pressure.7

The consumption of eggs provides great 
nutritional value due to its richness in minerals 
(selenium, phosphorus, iodine, and zinc) and 
vitamins (A, D, B2, B12, pantothenic acid, 
and niacin). Eggs are rich in proteins of high 

biological value, its composition includes 
ovalbumin, the nutrient choline involved in 
the formation of cell membranes and highly 
bioactive carotenoids, such as lutein and its 
isomer zeaxanthin, important for the structure 
and function of the retina.8

In healthy people, the consumption of one 
egg per day can be salutary without increasing 
the risk of coronary heart disease or stroke. 
In patients with dyslipidemia, diabetes or 
high-risk of atherosclerotic cardiovascular 
diseases (ASCVD), it is advisable to be more 
cautious, limiting but not prohibiting the 
ingestion of cholesterol-rich foods, such as eggs 
and shellfish.9

On the other hand, there is a positive 
relationship between the consumption of red 
and processed meat with the risk of ASCVD, 
not only related to their content in cholesterol, 
saturated fat, trans-fatty acids, sodium, nitrites, 
and nitrates, but also to the possibility of 
conversion of meat choline or carnitine into 
trimethylamine (TMA) by intestinal bacteria 
of the genus Prevotella, which in the liver can 
be converted into trimethylamine N-oxide 
(TMAO). This compound blocks the synthesis 
of bile acids, reduces the reverse transport 
of cholesterol, facilitates the cellular influx 
of lipids, increasing its in situ synthesis, and 
suppressing their elimination, thus causing lipid 
accumulation and in consequence the increase 
of lipid-laden macrophages, what gives rise to 
the formation of foam cells; events that initiate 
the atherosclerosis process.10

The importance of eating vegetables 
is based in several facts, one of them is 
their richness in inorganic nitrates (spinach, 
lettuce, arugulas, beets, chard, etc.) that 
during chewing, thanks to oral bacteria, are 
converted in nitrites. Although nitrites in 
contact with acid content of the stomach 
form a variety of nitrogenous compounds, 
including nitric oxide (NO), that some authors 
have related to gastric cancerogenesis, the 
abundant amount of nitrates/nitrites swallowed 
with saliva is absorbed int the intestine and 
transported in the blood, being converted in 
some tissues in NO, which is, in general is a 
benefic molecule, with vasorelaxation, anti-
inflammatory, antioxidant, antithrombogenic 
and, in some cells, antiapoptotic effects, among 
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many others.11 So, although in the past, nitrate/
nitrites were seen as inert by-products of the 
NO metabolism, now there are considered 
another source of the production of this gas.

The consumption of whole grains is 
recommended, while refined ones is not, 
particularly those subjects to ultra-processing. 
All type of fruits should be consumed, 
particularly those containing pectin such as 
peaches, apricots, hawthorn, apples, grapes, 
strawberries or oranges, lemons, grapefruits, 
and tangerines. However, the ingestion of juices 
is not recommended.

The consumption of legumes at least 3 
times a week must be a priority due to their 
fiber content. A consumption of 20-30 grams 
of total fiber per day has shown to reduce 
cardiovascular risk 12 to 20%. On this regard, 
the consumption of fruit fiber (pectin) is 
associated with a 30% reduction in the risk 
of coronary heart disease.12 The action of 
fibers in the digestive system determines their 
benefit for the control of dyslipidemias. In the 
stomach, soluble fiber (such as inulin, pectin, 
gums, and fructo-oligosaccharides) causes a 
reduction in gastric emptying, an increase 
in abdominal distention, helps to have a 
normal and balanced microbiota, and causes 
a greater feeling of satiety, useful in weight 
control. At the level of the small intestine, the 
absorption of cholesterol, saturated fats, and 
glucose decreases. There is also a reduction 
of bile acids reabsorption what leads in turn 
to the lessening of cholesterol levels, since 
the liver express more LDL receptors to 
keep the production of bile acids, whose 
basic structure comes from cholesterol. At 
the colon level, soluble fiber undergoes 
bacterial fermentation, which produces an 
increase of beneficial short-chain fatty acids 
(SCFA) with important effects on glucose 
and lipid metabolism. On the other hand, 
the insoluble fiber (cellulose, hemicellulose, 
lignin, and resistant to digestion starch) in 
the large intestine, causes a reduction in the 
contact time of carcinogens with the walls of 
the intestine. There is a significant increase 
in bacterial fermentation and production of 
SCFA, particularly of propionate, which once 
absorbed into the portal circulation reaches 
the liver and inhibits the enzyme HMG-

Co-A reductase, key enzyme that control the 
endogenous synthesis of cholesterol.

For cardiovascular health, the consumption 
of cold-water f ishes, such as salmon, 
mackerel, tuna, and anchovies is highly 
recommended for its content of omega 3 
fatty acids (FFA): eicosapentaenoic acid 
(EPA) and docosahexaenoic (DHA). It was 
recommended to reduce cardiovascular 
risk, provide daily 250 to 500 milligrams of 
omega 3 FFA.13 Although anti-inflammatory, 
antithrombotic, antiarrhythmic effects, and the 
triglyceride reduction of omega-3 FFA have 
been proved, clinically, their capacity to reduce 
cardiovascular risk had been controversial. 
However, a Japanese study on EPA showed 
a 19% reduction in cardiovascular death, 
myocardial infarction, that was associated to 
an increase in HDL-C levels and a concomitant 
reduction in TG.14 Icosapent, a free FFA form 
of EPA, reduced 25% the relative risk of an 
endpoint composed by cardiovascular death, 
nonfatal myocardial infarction, nonfatal stroke, 
coronary revascularization, or unstable angina 
in high-risk hypertriglyceridemic patients.15 
Recently a huge metanalysis comprising 40 
clinical studies and 135,267 patients, showed 
a dose related reduction of coronary heart 
disease events with EPA and DDH.16

The best oils and fat for cardiovascular 
health are those provided by nature such as 
avocado, oilseeds, and extra virgin olive oil.

Antioxidants. A dietary antioxidant is a 
substance that is part of certain foods that 
can prevent the adverse effects of oxygen 
and nitrogen reactive species on the normal 
physiological functions of our body. In recent 
years it has been shown that a diet rich in 
polyphenols improves health and reduces the 
incidence of cardiovascular diseases. Especially, 
those compounds named flavonoids, that are 
natural pigments present in vegetables. Many 
polyphenols, among several beneficial effects 
protect against the damage caused by oxidizing 
agents. As the human body cannot synthesize 
these protective chemicals, they must be obtained 
through food. In the regard, some of their actions 
are the synthesis/release of endothelial NO, the 
regulation of the production of reactive oxygen 
species substances, the prevention of LDL 
oxidation and cytotoxicity, and the inhibition 
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of platelet aggregation, among many others: 
Among the more than 8,000 polyphenols found 
in vegetables, the most remarkable are catechins, 
epicatechins, quercetin, and procyanidins, 
many of them found in products like green tea, 
blueberries, red onion, apple, and cacao.17,18 It is 
necessary to add that aside from their antioxidant 
action, some of these polyphenols, such as 
epicatechin from cacao, have marked actions 
on glucose and lipid metabolism, endothelial 
function, blood pressure, myocardial infarction, 
neuroprotection, fatty liver, and striate muscle 
function, among many others.19
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The non-pharmacological treatment to 
reduce cardiovascular risk consists of 

lifestyle modifications. These include, mainly 
a diet with the appropriate amount of calories, 
abundant in vegetables and seafood, decrease 
sugary drinks intake, total tobacco withdrawal, 
performed exercise at least 30 minutes of 
moderate to intense physical exercise, the 
maintenance of a body mass index (BMI) 
between 20 to 25 kg/m2, and the limitation 
of alcoholic beverages consumption to one or 
two drinks per day in those subjects who are 
already habitual drinkers. The effectiveness 
of these behavior modifications increases if 
they are adopted early and are followed for 
the rest of life. It has been estimated that life 
span can be prolonged 14 years in women 
and 12 in men, when all recommendations 
are followed. Individually, the most significant 
benefit comes from physical exercise, which 
increases life expectancy by 8 years. On the 
other hand, the most harmful risk factor is 
tobacco smoke that shortens life by 9.5 years.1 

Patients between 45 and 64 years of age who 
comply for 20 years with lifestyle modifications 
like a healthy diet, exercise, not smoking, and 
body mass index between 20-25; have fewer 
cardiovascular events than those who did not 
comply (6% vs 45%).2

Alcohol risks And benefits

Ethanol is the key and universal compound of 
all alcoholic beverages. At least 5,000 years 
ago, humans discovered how to make these 

beverages from fermenting vegetables, founding 
its rewarding effects, and consumed them at 
the beginning in festivities, or for medicinal 
purposes, but later for simple pleasure. The 
abuse of consumption has been a significant 
social problem that led to its prohibition in the 
United States from 1920 to 1933, period in 
which, far from diminishing its consumption, 
it increased. Today it remains as a paramount 
health problem worldwide, causing 10% of 
all deaths in adults between 20 to 64 years 
of age, and being the cause of one third of all 
road accidents.

Several studies on long-term alcohol 
consumption have estimated than around 14 
g of ethanol are found in a bottle of beer, a 
glass of wine or an ounce of distilled liquor. It 
is legally prohibited to drive a motor vehicle 
if the driver’s blood has the alcohol content 
provided by the equivalent of two or two 
and a half drink. The level of alcohol in 
the body may vary according to BMI, food 
intake, gender, and individual metabolism. 
Alcohol metabolism mainly occurs in the liver, 
where alcohol dehydrogenase and aldehyde 
dehydrogenase, the most important enzymes 
involved, break down approximately 8 g of 
alcohol per hour. The oxidation affected other 
functions requiring the same enzymes, which 
produces an accumulation of lactate and 
acetyl coenzyme A, which directly increased 
free fatty acids and hepatic accumulation of 
triglycerides, decreasing at the same time the 
synthesis of methionine synthase, which in 
turn augments homocysteine concentrations.
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Drinking a small amount of alcohol exerts 
an anxiolytic and disinhibitory effect. However, 
a greater quantity can produce euphoria, but 
also central nervous depression, which can 
sometimes lead to death.

It is established that moderate alcohol 
consumption reduces the risk of coronary heart 
disease; however, high consumption increases 
the occurrence of hypertension, arrhythmias, 
coronary heart disease, heart failure, and 
cerebral vascular events. Common sense 
establishes the personal limits of responsible 
alcohol ingestion. The recommendations are not 
to exceed two drinks a day for regular consumers 
and drinking alcohol is not recommended in no 
consumer persons, because benefit risk ratio 
has not been demonstrated, and for the peril of 
induce abuse consumption.

The meta-analysis of eight prospective 
studies that included 192,067 women and 
74,919 men without apparent cardiovascular 
disease and diabetes, found an inverse 
relationship between alcohol consumption 
and the possibility of suffering from coronary 
heart disease,3 once adjusted for different risk 
factors. This effect is mainly attributed to high-
density lipoproteins (HDL) elevation, raising 
the subfractions of HDL 2 and 3, increasing 
apoprotein A1 synthesis and HDL’s antioxidant 
capacity and its ability to reverse the cholesterol 
transport. Moderate alcohol consumption 
generally raises HDL without altering low-
density lipoprotein (LDL) or triglycerides (TG); 
however, heavy consumption can elevate 
HDL and TG as well. A meta-analysis of 
studies that analyze lipid behavior in the face 
of alcohol consumption found that 30 g of 
alcohol per day raises C-HDL by a mean of 
3.99 mg/dL, apoprotein A by 8.82 mg/dL, 
and TG’s by 6.69 mg/dL without meaningful 
modification of C-LDL.4

A dangerous side-effect of alcohol consume 
is the elevation of blood pressure. More 
than seven drinks per week increase systolic 
and diastolic blood pressure between 1.5 
and 3 mmHg and this increment become 
greater if consumption rises.5 In this regard, 
alcohol consumption is related to a quarter 
of hypertension cases. Another adverse effect 
is heart toxicity, causing arrhythmias like 
atrial fibrillation (AF). High alcohol intake can 

damage myocardial tissue. After a long period 
of exposure, the toxic effects of alcohol can 
lead to alcoholic cardiomyopathy, and this, 
in its terminal stage, cause heart failure. On 
the other side, alcohol intake can aggravate 
heart function, and could worsen the clinical 
conditions of patients that already suffer other 
type of heart disease and heart failure. The 
type of alcohol is also a factor that needs to 
be thoughtful regarding alcohol percentage 
content. Theoretically, red wine, due to its 
high polyphenol content (mainly resveratrol) 
could offer some additional benefits, but this 
effect must be proved. Total alcohol withdrawal 
is needed when there is a family or personal 
history of alcoholism, hypertriglyceridemia, 
pancreatitis, liver disease, bleeding disorders, 
heart failure, or poorly controlled hypertension, 
pregnancy, and medications that interact 
with alcohol. The recommendations should 
individualize, considering the risks and potential 
benefits. If there is no contraindication and the 
patient already drink alcohol, one or two drinks 
a day can be considered safe. Young people 
should be clearly warned about the potentially 
dangerous effects of alcohol consumption in 
the long term and should never prescribe it to 
improve cardiovascular risk.

dAngers of tobAcco use

According to the World Health Organization, 
tobacco use still is the main preventable factor 
of death in the world. Its consumption is 
associated with 71% of lung cancers, 30% of all 
cancer, 42% of chronic obstructive pulmonary 
disease (CPOD), for at least 10% of coronary 
deaths, and it has been related to 60% of 
cerebral vascular events. Half of the smokers 
die from a tobacco-related disease. Increased 
sympathetic activity raises blood pressure and 
heart rate, facilitating a prothrombotic state, 
while tobacco toxicity leads to endothelial 
damage and cell dysfunction. Although 
nicotine is the most studied component, 
tobacco combustion generates more than 
7,000 chemical elements of which at least 69 
of them are carcinogenic, the main component 
is nicotine, considered the addictive element of 
tobacco, But tobacco fumes also contain acetic 
acid, ammonia, arsenic, cadmium, methanol, 
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toluene, carbon monoxide, carbonyls, 
benzene, phenol, cobalt, lead, carboxylic 
acid, N-nitrosamines, benzopyrene, nitrogen, 
carbon dioxide, acetaldehyde, methane, 
acetone, hydrocarbons, and others.6 There 
are two phases during smoking, the tar-phase 
corresponds to the trapped material in the 
cigarette filter, that retains most of the tobacco 
particles with a size > 0.1 mm. The non-filtered 
particles containing a substantial number of 
free radicals can stay during long time in the 
mouth of smokers. The gas-phase is defined 
as the gaseous material that went through the 
cigarette filter, also containing a substantial 
number of free radicals, being more short-lived 
than tar material. The tobacco fume inhaled 
through the smoker mouth and then exhaled 
into ambient air is known as mainstream smoke, 
which contains more than 90% of gaseous 
material. The so-called sidestream smoke is 
the fume emitted from the burning end of a 
cigarette or cigar, which contains a greater 
proportion of toxic gas components. What is 
called environmental tobacco smoke results 
from the combination of majority sidestream 
smoke and a small proportion of exhaled 
mainstream smoke.7 The regulation of banning 
smoking in enclosed spaces has been shown, in 
just one year, to reduce cardiovascular events 
by 39% and by 47% in three years.8 Regarding 
serum lipid modifications, smoking has been 
linked to decreased HDL and its antioxidant 
capacity, increased triglycerides, LDL and lipid 
peroxidation. These effects are reversible when 
quitting smoking. In a study conducted over 
21.8 years, with active or passive smokers and 
ex-smokers in comparison to non-smokers, the 
former raised their relative risk for coronary 
heart disease to 1.69 (95% CI: 1.32, 2.14), for 
a cerebral vascular event to 1.62 (95% CI: 1.08, 
2.41), cardiovascular death to 1.49 (95% CI: 
1.13, 1.96), non-cardiovascular death to 1.40 
(95% CI: 1.08, 1.83) and death from any cause 
to 1.44 (95% CI: 1.19, 1.74).9

Recently, the fashion for e-cigarettes 
and vaporization equipment (vapers) has 
emerged. These devices work by boiling a 
liquid containing nicotine, flavorings and other 
additives, basically consisting of a nozzle, 
battery, coil, and reservoir for the liquid. 
According to the Center for Disease Control 

and Prevention of the United States, by 2018, 
one in five students used e-cigarettes or vapers. 
The idea that this method is less harmful 
than smoking is wrong. Vapers increases the 
risk of cerebral vascular events by 29% and 
myocardial infarction by 25%. The damage has 
been attributed to oxidation and inflammation 
that these chemicals produced in the body. 
There are hundreds of devices and different 
chemical components (more than 7,500) have 
been identified, most of them flavorings or 
conservatives, of which their possible pathogenic 
effects are unknown. A fundamental problem 
from using these devices is the increase of 
severe lung infections, partly due to pulmonary 
and systemic immune system damages, 
producing acute eosinophilic pneumonia and 
a typical injury called «popcorn lung», leading 
to obliterating bronchiolitis. Some of the toxic 
chemicals studied found in e-cigarettes and 
vaporizers are: 2.3-pentanedione, tin, lithium, 
silver, iron, aluminum, silicon, chromium, and 
formaldehyde.10

benefits of exercise

Regular exercise prevents cardiovascular 
disease and prolongs better physical fitness, 
helping to get physical and mental well-
being. Regular exercise has several beneficial 
effects like lowering systemic blood pressure, 
improving insulin resistance, and lessening 
serum concentrations of TG and LDL-c. 
Exercise also decreases fibrinogen and platelet 
adhesion, improves endothelial function, 
slows heart rate by decreasing sympathetic 
activity, diminishes oxygen consumption, and 
can promote the development of coronary 
microcirculation. All these effects benefit 
hypertensive, diabetic, coronary, and obese 
patients. Regular exercise is the most valuable 
lifestyle modification after tobacco withdrawal. 
Regarding cardiovascular exercise intensity: 30 
minutes daily of moderate workout is enough 
to improve health in primary cardiovascular 
prevention. On the other hand, very intense 
exercise can lead to myocardial alterations, 
mainly fibrosis that can lead to arrhythmias 
like atrial fibrillation. In the Copenhagen city 
trial,11 17,589 healthy people were followed 
for 35 years, measuring the amount of exercise-
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related to mortality compared to those who did 
not perform an exercise, the most significant 
reduction in mortality was 42% in those who 
work out between 1.2 and 4 hours per week, 
equaling between 5 to 6 Mets. More exercise 
did not significantly reduce mortality risk, and 
less exercise reduced mortality but to a lesser 
degree. Another problem with extreme exercise 
is that the possibility of coronary heart disease 
(CHD) is not regularly valued. For instance, 
CHD is the most common cause of death in 
marathon runners over 40 years old. During 
intense exercise in untrained people, the risk 
of death increases 56 times compared to other 
activities, in contrast to training people is whom 
increase only five times.12 Sudden death in 
athletes under the age of 40 is mainly due 
to hypertrophic cardiomyopathy and cardiac 
channelopathies, while in older people the 
main cause is coronary atherosclerosis disease. 
All people over the age of 40 who perform 
competitive sports should be studied to rule 
out the possibility of coronary heart disease.

In patients with heart disease, any exercise 
produces benefits as it was showed by a 
systematic review and meta-analysis of 63 
studies included 14,485 patients with coronary 
heart disease, with a median follow-up of 12 
months. Exercise reduces the relative risk of 
cardiovascular mortality in 26% and hospital 
admissions in 18%.13 The type of exercise is 
not essential in this regard, although thirty 
minutes of vigorous exercise produces the 
cardiac stimulation induced by 90 minutes 
of brisk walking. Exercise should be done 
according to individual preferences and 
physical conditions.14 Moderate exercise 
should increase heart rate to 60% of the 
maximum rate expected for the age, while 
intense exercise should raise it to 80%. Even if it 
is suspended at a certain age, exercise produces 
benefits compared to people who have never 
exercised regularly before. However, it is most 
significantly beneficial, starting it at an early age 
and practicing throughout life.15
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that 32.7% of the population suffers cholesterol 
(CHOL) metabolism and triglycerides (TG) 
disorders (2018). Furthermore, when the 
survey was analyzed by gender, the percentage 
in women was 34.8% compared to 30.3% 
in men. Apart from dyslipidemia there are 
other highly relevant risk factors to take into 
account such as hypertension, type 2 diabetes 
mellitus (DM2), overweight, obesity, metabolic 
syndrome, among others. In presence of a more 
competitive female population with wider 
access to the labor market, social, economical, 
and psychosocial factors have been added to 
increase CV risk in women.

Ethyology and pathogEnEsis 
of dyslipidEmia in womEn

lipidic profile during a woman’s lifetime

During their lifetime, women experience 
hormonal changes, from puberty, reproductive 
age, and perimenopause to menopause 
stages. These changes induced variations in 
the amounts of blood lipids. After birth, LDL 
concentrations are about 65 mg/dL, in both 
men and women, progressively increasing 
in the first two years. Men and women have 
similar levels of cholesterol in this age, but in 
teenagers, ranging from 10 to 17 years old, 
the LDL concentrations are lower in men than 
in women. After 20 years of age, both men 
and women show an increase in their LDL 
concentrations, greater in men than in women. 
Interestingly, when men and women achieve 

Right now, the main mortality cause 
in women is directly associated with 

cardiovascular (CV) disease. Women are 
currently exposed to traditional risk factors 
such as; hypertension, dyslipidemia, smoking, 
sedentarism, overweight, obesity and glucose 
metabolism disorders. On the other hand, 
women are also exposed to other unique gender 
risk factors such as, polycystic ovaries syndrome, 
high risk pregnancies, immunological diseases 
and hormonal disorders, all of them appearing 
mainly in the peri-menopause or menopause 
stages, resulting in a vulnerable population to 
suffers CV outcomes as microvascular angina, 
occlusive disease, coronary spasm, spontaneous 
coronary dissection, acute ischemic syndrome, 
Takotsubo disease, among others, placing 
women into an individualized and specialized 
consideration for diagnosis and treatment.

The main lipid metabolism disorders in 
our population, are accompanied by a lipidic 
profile known as the lipidic triad. This complex 
consists in; low concentration of cholesterol 
linked to high-density lipoproteins (HDL-c), 
hypertriglyceridemia (HTG), both directly 
related to the body mass index, and high 
cholesterol linked to low-density lipoproteins 
(LDL-c), whose particles undergo morphological 
modification (small and dense), which increases 
their atherogenic power.

In Mexico, CV disease represents the 
main mortality and morbidity cause in 
people > 70 years old. The data gathered 
by the ENSANUT survey (National Chronic 
Disease and National Health surveys), reveals 
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mature adulthood, the HLD-c level is lower 
in men compared to women, resulting in a 
cardioprotective factor for women at this age.

It is relevant to consider the modifications 
that the lipid profile show during pregnancy, 
in which an increase of the hormones 
gonadotropin, β-estradiol, insulin, and 
progesterone occurs. These hormones are 
associated with an increment of total cholesterol 
(TC), TG, LDL-c, HDL-c, and apoprotein A1 
concentrations, having their highest peak at the 
week 36 of pregnancy.

In studies made in women with high-risk 
pregnancies, dyslipidemia was related to a 3.6 
times higher risk of preeclampsia development 
(PE). Also, PE has a strict relationship with 
pre-pregnancy dyslipidemia. HTG has also 
been related to a 1.6 probability increase 
of PE. Although to date there is no direct 
mechanism explaining the role of dyslipidemia 
and PE, probably endothelial dysfunction is 
the cause. In a study carried out in the IMSS 
(Mexican Institute of Social Security), were 
studied two groups (each of 100 patients) 
of pregnant women. Divided in those with 
normal pregnancy and the other with PE. 
The essay found that in PE, there were more 
patients with severe rise of TG and very low 
density lipoproteins (VLDL). In another study, 
the relevance of the lipidic profile during the 
third trimester of high-risk pregnancy in women 
between 18-50 years old and their children 
was determined. About 83.9% of women 
presented alterations in lipid metabolism. 
The study concluded that dyslipidemia in 
pregnancy is related with comorbidities such 
as DM2, hypertension, smoking, obesity, and 
preeclampsia. Among other pathologies that 
should draw our attention is the polycystic ovary 
syndrome (PCOS), an endocrinological disorder 
found at a reproductive age, associated with 
obesity, fertility problems, hyperandrogenism/
hyperandrogenemia, insulin resistance and 
dyslipidemia. The most relevant changes in 
the lipid metabolism in women with PCOS are 
increase of the LDL-c, the decrease of the HD-
c, and the increase of the TG concentrations.

Other stages that nowadays have become a 
challenge for cardiology are pre-menopause and 
menopause, where the expression of risk factors 
joined the hormonal suppression, facts that 

forces cardiologists to have a multidisciplinary 
vision of the practice. The evaluation of the 
lipidic profile in menopause women is modified 
due to changes produced by aging and 
hypoestrogenism, resulting in a proatherogenic 
state, that expresses with the following traits: 
Increment of LDL-c and TG, with decrease of 
HDL-c. The intermediate density lipoproteins 
(ILD) concentrations are also related with the 
rise of CV disease in menopause women.

RElationship bEtwEEn thE lipid 
mEtabolism and EstRogEns

The production of estrogens it is mainly 
performed by ovaries. In the bloodstream, 
estrogens have low affinity binding with 
albumin. They require for their mobility the 
action of sexual hormone transporting globulin 
(SHBG) and the corticosteroid transporting 
globulin (CBG). Estrogen actions define 
the main gender sexual characteristics, the 
psycho-emotional state, the bone metabolism, 
inhibiting the action of the osteoblasts, fat 
biosynthesis and proteins. Regarding lipid 
metabolism, they increase HDL-c, diminishing 
TG, and LDL-c. Also, the pancreatic β-cells 
sensitivity is augmented, with a decrease 
of insulin resistance. Among other actions, 
estrogens produce an increase of the blood 
flow at a cerebral level, inhibiting amyloid 
deposits formation.

Estrogenic action. The estrogens act through 
at least 2 independent steroid receptors placed 
in the cell nucleus or in the membrane. In 
turn there are two nuclear types, the estrogen 
receptors (ER) α and β, structurally different, 
and their location vary in the tissues. The 
steroid activation depends on the plasmatic 
concentrations of the free hormone, as well 
as, the receptor affinity. The ER-α plays a key 
role in the cardiovascular system, the liver, the 
hypothalamus, endometrium, cerebral cortex, 
adrenal gland, endothelium, and smooth 
vascular muscle. It is a prominent agent for 
CV protection. On the other hand, ER-β 
causes vasodilatation, neovascularization. and 
inhibition of cellular apoptosis in cardiac muscle.

ER-α has many polymorphic variables. 
There are two significant polymorphisms of 
the alpha receptor (XBA-1 and PVull). The 
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latter polymorphism is related to alterations 
in bone mineralization (osteoporosis), CV 
system, endometriosis, breast cancer, changes 
in the lipid profile, hypertension, and coronary 
atherosclerosis.

The Rotterdam study involving 4,000 
women found that those with the genotype 
IVS1-397TT, faced a high risk for developing 
heart disease, while those with the genotype 
PVull TT were prone to weight increase, 
hypertension and DM2.

lipid pRofilE indicatoRs in 
woman and hEaRt disEasE Risk

The study of women with dyslipidemia must 
be integral. Clinical evaluation let identify the 
traditional risk factors for both men and women 
like, age, hypertension, smoking, dyslipidemia, 
DM2, physical conditions, sedentary behavior, 
diet, and family history of disease, among 
others. Clinical study, ss well, unveil non-
traditional factor gender-related, such as risky 
pregnancies, autoimmune disorders, chronic 
kidney disease, chest wall radiation, cardiotoxic 
chemotherapy, and the like. Hormonal factors as 
premature menopause, menopause, hormone 
therapy, polycystic ovarian syndrome, obesity, 
and cardio-metabolic risk also are revealed in 
the basic clinical examination. Added to these 
factors, the social determinants of health that 
intervene in an important way are, ethnicity, 
education, income, living conditions, etc., and 
on the other hand, psychological risk factors such 
as, depression, anxiety, loneliness, perceived 
stress, that through diverse mechanisms 
increase cardiovascular risk. Finally, it should 
be mentioned the main responsible factor of 
chronic inflammation, endothelial dysfunction, 
and the existence of subclinical atherosclerotic 
lesions. Both silent processes are behind are 
behind the threat of the clinical expression 
of atherosclerotic CV diseases (ASCVD). 
It is important to mention that early stage 
identification of CV risks starts in routine check-
ups, complemented by laboratory studies, as 
identification of biochemical risk markers, 
such as glycemia, glycated hemoglobin, kidney 
damage, and lipid profile.

In patients with chronic kidney disease, the 
most frequent lipid alterations are the increase 

of TG and low of HDL-c, raising of LDL-c and 
TC are less significative.

Women with autoimmune diseases like; 
rheumatoid arthritis, erythematous lupus, anti-
phospholipid syndrome, distinguish themselves 
for showing, at an earlier age, and with 
high frequency, ASCVD, and cardiovascular 
mortality in higher rates.

In women with DM2, the usual lipid profile 
found is HTG, low HDL-c and the arise of LDL-c 
with mor proportion of smaller, denser and 
more atherogenic particles. Hypothyroidism 
is commonly associated with the 56% cases of 
the hypercholesterolemia.

I t  i s  re levant to consider famil iar 
hypercholesterolemia in groups of young 
women, since this is associated with premature 
coronary disease, caused by high concentrations 
of LDL-c. These conditions should be suspected 
when LDL-c concentrations are > 190 mg/dL, 
after excluding other secondary causes.

lipid pRofiling in womEn

The traditional lipid profile includes total TC, 
LDL-c), HDL-c), TG, non-HDL cholesterol 
(non-HDL-c); and the atherogenic indexes 
or quotients TC/HDL-c, non-HDL-c/HDL-C, 
LDL-c/HDL-c, and TG/HDL-c. It has been 
proposed a new ischemic indicator for 
women in the menopause stage, known as 
atherogenic index in plasma (AIP), estimated 
by a molar transformation of TG and 
HDL-c concentrations ratio. The index is an 
independent predictor for cardiovascular 
disease risk in women post-menopause, 
related to the size lipid particles.

In the recent past, imaging techniques 
become useful for the patient’s CV risk re-
stratification. Detection of coronary artery 
calcification by non-contrasted computed 
tomography (CT scan), femoral or carotid 
ultrasound, and many others imaging studies 
are excellent supporting clinical tools, whose 
description is beyond the limit of this text.

dislipidEmy tREatmEnt in womEn

The treatment for patients with dyslipidemia 
should not only be integral and multidisciplinary, 
but must include lifestyle changes, mainly 
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eating habits. For all patients it is advisable the 
following recommendations:

1. Fatty acids ingest reduction to less than 10% 
of the total energetic intake, and preferably 
replacing them with polyunsaturated 
fats. Avoid highly processed foods. Fats 
must represent less than 30% of the total 
calorie intake. Reduction the consumption 
of simple and complex carbohydrates, 
specially the refined ones, and also avoid 
the excessive consumption of alcohol.

2. Reduce the amount of salt intake (average 
5 grams of salt per day).

3. Consumption of fiber.
4. Increase physical activity, as it has 

multiple health benefits such an increase 
HDL-c concentrations, decrease of TG 
concentration, maintaining healthy weight 
contributes to enhances CV health.

5. Quit smoking as a priority. Mainly in women 
with low HDL-c.

pharmacological treatment

The main criteria exposed in the Dyslipidemia 
Study Guidelines by the European Society of 

Cardiology (ESC) on 2019, as well as the US 
American guidelines ACC/AHA, do not specify 
the treatment considering the patient’s gender. 
Women have less possibilities of receiving 
treatment with statins than man, as well as, 
more of them abandon the treatment or receive 
insufficient dosing.

Studies with statins in primary prevention 
in women have been controversial. The 
recommendations in primary prevention of CV 
disease in women are shown in Figure 1.

The STELLAR study confirms the statin 
treatment efficacy, diminishing the LDL-c in 
a range of 21 to 57%, in a six-week period, 
depending on the statin and dosage used. The 
study concluded that statin therapy is efficient 
to reduce CV events in women, like what 
happens in men. Both STELLAR and JUPITER 
Study support the usage of rosuvastatin in 
primary prevention. The latter study showed 
the beneficial effects of rosuvastatin in subjects 
with elevated concentrations of high sensitivity 
c-reactive protein individuals of both genders.

The therapy combined with ezetimibe 
(inhibitor of intestinal absorption of cholesterol 
and phytosterols) and high or medium effect 
statin have been prescribed mainly in patients 

Consideration for the usage of statins in prevention stage of cardiovascular disease

Indicated

Secondary prevention:
	 •	 Clinical	ASCVD
Primary hyperlipidemia
	 •	 LDL-C	>	190	mg/dL

Diabetes mellitus

Primary prevention:
Age 40-75 years and
	 •	 High	risk	(>	19%)	or
	 •	 Intermediate	risk	(>	7.4%)	

with risk enhancers

No indicated

Primary prevention:
	 •	 Age	40-75	years	at	 low	

risk	(<	5%)

Pregnancy:
	 •	 Pregnant
	 •	 Intending	to	get	pregnant	

in the next 1 to 2 months

Maybe

Primary prevention:
	 •	 Age 	 40-75 	 years 	 a t	

borderline	risk	(5%	to	<	
7.5%)	with	risk	enhancers

	 •	 If	clinician-patient

Figure 1:

Considerations about 
the use of statins 

for cardiovascular 
disease prevention.

Modified from: Cho 
L et al.
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that require a quicker effect control, also to 
diminish the secondary effects.

PCSK9 inhibitors, in the treatment of 
dyslipidemia in women. Several studies 
(FOURIER, ODYSSEY OUTCOMES, SPIRE) 
have not shown any gender differentiated 
response to these innovating drugs. These 
inhibitors will be described in detail in other 
section of this text. The management of HTG in 
women, depends on the associated factors, as 
well as the type of lipid disorder. It is important 
to mention that in pregnancy, mainly in the last 
trimester they could rise, for which diet measure 
should be reinforced. The usage of fibrates 
(gemfibrozil) is limited to people with high 
triglyceride risk > 500 mg/dL. limited to people 
with high level triglyceride (>500 mg/dL) with 
high risk of pancreatitis. Nowadays, multiple 
multicentric studies are focused on the use 
of omega-3 fatty acids, like eicosanpentanoic 
(EPA) and docosahexaenoic (DHA).

conclusions

Dyslipidemia is very common in feminine adult 
population, phenomenon magnified in the 
menopause stage. In this moment, dyslipidemia 
in consonance with other risk factors, skyrocket, 
in exponential fashion, the ASCVD risk. 
In most of the large studies on lipids and 
ASCVD, women are underrepresented. 
The dyslipidemia treatment in primary and 
secondary stages, is plagued of shortcomings: 
absence or delay of lipid-lowering drugs 
prescriptions, inadequate doses, and more 
frequent abandon of treatment. Finally, the 
combined therapies should be a reasonable 
option to attain therapeutic goals. Also, 
physicians should not ignore the advice on 
therapeutic modifications of lifestyle. This point 
should be always a priority in medical practice.
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Lipid lowering therapy is the most efficient 
way to reduce atherosclerosis associated 

cardiovascular risk. The intensity and timing 
for starting treatment may vary according to 
the individual risk. Children, elderly people, 
and patients with chronic renal disease, are 
underrepresented in lipid lowering therapies 
clinical trials, for this reason there may be 
different opinions of when initiate treatment 
and with what level of intensity. These topics 
will be discussed in this article.

Elderly people (75 and over). Cardiovascular 
diseases increase with age due to accumulation 
of risk factors and vascular deterioration. 
Cholesterol level and blood pressure are the 
main modifiable risk factors in the elderly 
(although with less benefit when compare when 
therapy is implemented at younger ages). The 
evidence of the effectiveness of lipid lowering 
therapies to reduce the cardiovascular risk 
in elderly people comes from meta-analysis 
in which patients from different trials are 
grouped. A recent study1 which included 
21,492 patients over the age of 75 years, most 
of them in secondary prevention, encompassed 
in 29 trials of cardiovascular outcomes, using 
a LDL cholesterol-lowering drug. The reported 
reduction in cardiovascular events was of 26% 
per each 38 mg/dL reduction of LDL-c (low 
density cholesterol lipoprotein) (RR 0.74 [95% 
CI 0.61-0.89]; p = 0.0019), similar to the one 
found in the underage population, fact that 
supports the recommendation of the different 
guidelines that in secondary prevention the 

initiation of treatment and targets should be 
the same as the proposed for the rest of the 
population, decreasing C-LDL levels by more 
than 50% and reaching targets < 70 mg/dL. 
Analyzing outcomes in the elderly without 
cardiovascular disease, a study in persons from 
70 to 100 years of age followed in average 
7.7 years, a LDL-c higher than 190 mg/dL 
increases the risk of heart attack by 2.9 times 
when compared to lower than 115 mg/dL 
levels and for every 38 mg/dL of LDL-c, the 
relative risk of myocardial infarction increased 
34%,2 demonstrating that cholesterol elevation 
at these ages relates to myocardial infarction 
as in younger people. However, it remains 
to be demonstrated whether the adequate 
treatment reduce the risk in the same manner. 
Another study in primary prevention3 in 46,864 
people of 75 years of age or older, without 
cardiovascular disease followed by 5.6 years, in 
whom the use of statins was evaluated, showed 
a reduction of risk for cardiovascular events by 
24% (RR 0.76, 95% CI, 0.65-0.89), but this 
benefit was only found in people who were 
diabetic and under 85 years of age. The Jupiter 
primary prevention study,4 which analyzed 
the effect of 20 mg daily of rosuvastatin versus 
placebo, in patients without cardiovascular 
events, and C-LDL concentration lower than 
130 mg/dL, with different risk factors and 
high sensitivity C-reactive protein greater 
than 2 mg/L, showed that in people over the 
age of 70, the risk reduction of events in the 
rosuvastatin group was 39% (hazard ratio 0.61; 
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[95% CI, 0.46 to 0.82]; p < 0.001). Therefore, 
the recommendation is to start treatment in 
primary prevention in patients who are at high 
risk. If the C-LDL level is > 160 mg/dL, even 
when there are no other risk factors besides 
age, it is necessary to consider lipid lowering 
therapy after discussing with the patient the 
risks and benefits. It is recommended that the 
statin treatment starts at a low dose because 
the metabolic differences and frequent 
polypharmacy, can increase more statin side 
effects at this age.

Children, adolescents and young adults: 
it is known that endothelial alterations that 
precede atherosclerosis begin in early ages. 
Studies in children and young people show 
that fatty streaks and fibrous plaques can occur 
from early age and these are related to risk 
factors, being the C-LDL and the non-high-
density lipoprotein cholesterol (non-HDL-C) 
levels the most important. The Bogalusa study, 
a histopathological essay5 in children who 
died accidentally, showed the presence of fatty 
streaks in 50% of kids between the age of 2 and 
15 years, while lesions were present in 85% in 
subjects between 21 and 38 years old. Fibrous 
plaques in the coronary arteries were found in 
8% of those aged 2 to 15 and 69% in young 
adults from 26 to 39 years old. The lesions 
extent was significantly related to LDL-c level, 
smoking, blood pressure and body mass index.

The Pathobiological Determinants of 
Atherosclerosis in Youth6 study, analyzed 
the anatomical pieces of people killed in 
accidents and found that between the age 
of 15 and 24 years old there were already 
lesions (mostly fatty streaks) in 30 to 60% 
of the cases. The presence and extension of 
those lesions depended on the aggregation 
of risk factors. The most significant were 
a non-HDL-c > 130 mg/dL level, high 
blood pressure, obesity, hyperglycemia with 
glycated hemoglobin ≥ 8% and smoking. 
The management of risk factors in childhood 
should, initially, be lifestyle modifications. It 
is recommended to determine the level of 
lipids before 10 years of age, since at puberty 
LDL-c decreases between 10 and 20% and, if 
possible, have other determination before the 
age of 20 years. It is considered appropriate a 
total cholesterol level lower than 170 mg/dL, 

LDL-c under 100 mg/dL, non-HDL-c below 
than 120 mg/dL and triglycerides (TG) less 
than 75 mg/dL.7 Guidelines advise to start 
medication treatment in children with familial 
hypercholesterolemia, where the use of statins 
has shown clear benefits in patients with LDL-c 
level ≥ of 190 or ≥ of 160 mg/dL Even if there 
is a family history of hypercholesterolemia and 
premature cardiovascular events, there are 
no studies to date in children or adolescents 
with lipid lowering therapies with LDL-c 
levels lower than 160 mg/dL. Cumulative 
hypercholesterolemia exposure in early 
adulthood is important for future development 
of atherosclerosis. For every 38 mg/dL of 
cholesterol elevation at the age of 22, the 
risk for cardiovascular events rises 1.7 times 
and 2 times for cardiovascular mortality, 27 
to 42 years later.8 When analyzing cases of 
myocardial infarction (MI) in young adults, it 
was seen that most of them were not treated 
before the MI because they did not meet 
the guidelines indications for lipid therapy, 
so the risk was minimized due to their age.9 
In a study of 2,324 patients with myocardial 
infarction under 55 years of age9 with average 
LDL-c around 117 mg/dL (91-143 mg/dL), 
46.4% of them qualified according to current 
recommendations for receiving lipid lower 
therapy in primary prevention, but only 
2.7% of them received it. Guidelines for 
young population10 recommend in cases of 
suspected or proved heterozygous familial 
hypercholesterolemia to start treatment 
between the age of 10 and 14 years, preferably 
with statins and if necessary, ezetimibe, ot 
proprotein convertase subtilisin/kexin type 
9 (PCSK9) inhibitors and keep treatment for 
life. The initial target should be LDL-C < 130 
mg/dL and ideal < 110 mg/dL. Children 
with LDL-c levels between 100 and 160 
mg/dL should be monitored, being strict in 
adequate lifestyle and if there are family data 
of premature atherosclerosis disease, it should 
be analyzed, in conjunction with their families, 
the possibility of initiating statins before the 
age of 20. Children with homozygous familial 
hypercholesterolemia, in general, do not have 
substantial benefit with the abovementioned 
therapy (see the section about primary 
hypercholesterolemia).
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Chronic renal failure: any decrease in 
renal function increases cardiovascular risk, 
independently of other risk factor. Stage 3 and 
higher of chronic kidney disease (CKD) should 
be considered a high-risk condition, even in 
primary prevention. Renal failure modifies 
lipids pattern, increasing TG, non-HDL-c, and 
lipoprotein (a) and reducing HDL-c. Although 
LDL-C increase only in about 40% of patients 
with advanced CKD, augments the proportion 
of small and dense, more atherogenic LDL. 
Several studies have shown that in patients 
who are not in dialysis, the use of lipid 
lowering therapies decrease cardiovascular 
risk and they are safe. Statins with or without 
ezetimibe reduced the risk in patients at stage 
3 or more, however, data in dialysis patients 
have not been conclusive.11 Based on these 
studies the use of statins with or without 
ezetimibe is recommended in all patients 
with renal impairment stage 3-5 (estimated 
glomerular filtration rate [eGFR] < 60 mL/min 
per 1.73 m2). In advanced kidney failure it is 
not recommended to start treatment when the 
patient is already in dialysis, but if patients are 
already taking statins and/or ezetimibe they 
can continue with treatment. In case of statin 
intolerance, the PCSK9 inhibitors are safe and 
effective in these patients. Renal transplant 
patients are at increased risk of atherosclerotic 
cardiovascular disease, so it is also considered 
appropriate to treat them with statins to attain 
goals according to their risk. In children with 
renal impairment, treatment with statins and/or 
ezetimibe after age 18 is suggested, but there 
are not studies in younger patients.
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Endo, GoldstEin, and 
Brown. thE pionEErs

In 1976, the Japanese biochemist Akira 
Endo discovered the first statin (ML-236B 

or compactin), extracted from Penicillium 
citrinum.1 Four and five years later, Yamamoto 
and Endo2 and Mabuchi,3,4 published the first 
two clinical trials demonstrating a significant 
reduction in total cholesterol (TC) and LDL-C 
with a statin in individuals with familial 
hypercholesterolemia (FH). During the 1970s, 
Michael Brown, Joseph Goldstein, and Richard 
Anderson described a low-density lipoprotein 
receptor (LDL-R) in cultured fibroblasts and 
established that mutations in the gene that 
encode it cause severe hypercholesterolemia 
and early atherosclerosis in individuals with 
homozygous and heterozygous HF.5

In their Nobel Lecture6 and their account 
of the discovery of LDL-R, Goldstein, and 
Brown7 summarized a series of investigations 
whose results marked the beginning of the 
statin’s era, namely:

1. LDL transports 66% of circulating cholesterol.
2. Hepatic LDL-Rs, are designed to recognize 

apoB100 in the circulating LDL, and 
by endocytosis, introduce 66% of these 
lipoproteins into the hepatocyte for the 
intracellular metabolism of the 1,500 molecules 
of esterified cholesterol contained in each LDL. 
LDL-R is encoded by a gene located in the 
short arm of chromosome 19 (19p13.1-13.3).

3. The concentration of nonesterified cholesterol 
in the membranes of the hepatocyte’s 
endoplasmic reticulum is the biological signal 
that initiates transcription and translation 
processes leading to the synthesis of LDL-R. 
When this concentration decreases, the 
expression of the transcription factor called 
sterol regulatory element-binding protein 2 
(SREBP2) initiates the synthesis of LDL-R.

4. Statins recreate the cellular environment that 
determines LDL-R synthesis by competitively 
inhibiting HMG-CoA-reductase activity, 
blocking the cellular synthesis of cholesterol.

5. Thus, statins increase the synthesis of LDL-R, 
favor the hepatic clearance of LDL, and 
increase the hepatobiliary elimination of the 
esterified cholesterol without compromising 
the cellular concentration of cholesterol.

For his discovery, Akira Endo was «baptized» 
by Goldstein and Brown as «the father of the 
penicillin for cholesterol». Recognizing that, 
the millions of lives saved and prolonged using 
statins is due to the discovery of compactin.8

Ctt 2005 and 2010 mEta-analysEs. 
EvidEnCE in 170,000 individuals

The evidence of therapeutic benefit of statins 
is summarized in the 20059 and 201010 
CTT meta-analyses. These studies evaluated 
170,000 individuals, «patient-by-patient», 
included in 26 statin-era RCTs. For this reason, 
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they are considered one of the strongest 
scientific evidence for the efficacy and safety 
of HMG-CoA inhibitors.

Ctt 2005 meta-analysis9

This first meta-analysis included 90,000 
individuals in 14 RCTs and analyzed the benefit of 
treatment with statins (moderate-intensity statins) 
versus control or placebo. The now-classic results 
showed that treatment with statins for five years, 
with a reduction of 1 mmol/L in LDL-C (≈ 40 
mg/dL) is associated with a 20% relative risk 
reduction for an ASCVD (cardiovascular death, 
non-fatal myocardial infarction, non-fatal stroke, 
and/or coronary revascularization). On average, 
0.50% relative risk reduction for each mg/dL 
decrease in LDL-C (Figure 1).

In recent years, the HOPE-3 trial11 confirmed 
the result of the CTT 2005 meta-analysis in 
individuals with intermediate cardiovascular 
risk treated with a moderate-intensity statin.

Currently, any moderate-intensity statin 
(simvastatin 20 mg or 40 mg, atorvastatin 
10 mg or 20 mg, or rosuvastatin 5 mg or 10 
mg) can reduce the circulating level of LDL-C 
by 30%. That means an LDL-C reduction of 
approximately 40 mg/dL in an individual with 
LDL-C of 120 mg/dL; therefore, it decreases the 
relative risk of an ASCVD by 20%.

Ctt 2010 meta-analysis10

Under the hypothesis «lower equals more 
benefit with equal safety», this second meta-
analysis included 170,000 individuals in 26 
RCTs analyzed 39,612 individuals in five trials 
that compared the benefit of treatment with 
statins (high-intensity statins, like atorvastatin 40 
and 80 mg or rosuvastatin 20 and 40 mg) versus 
moderate-intensity statins. Likewise, the analysis 
of the benefit of treatment with moderate-
intensity statins versus control or placebo was 
extended to 129,526 individuals included in 21 
RCTs (2005 cohort expanded with 7 more RCTs).

In the first subgroup (high-intensity statin 
vs moderate-intensity statin), with an average 
LDL-C level of 98 mg/dL, the high-intensity 
statins showed an additive reduction of 0.50 
mmol/L of LDL-C (20 mg/dL) and an additive 
decrease of 15% in the relative risk of an 

ASCVD. In the second subgroup (moderate-
intensity statin vs. control or placebo), with an 
average LDL-C level of 143 mg/dL, the result 
confirmed previous reports on average, 0.50% 
relative risk reduction of ASCVD for every mg/
dL decreased in LDL-C (Figure 2).

In the joint analysis of both subgroups, the 
benefit of statin treatment for five years with a 
reduction of 1 mmol/L in LDL-C (40 mg/dL) in 
the different types of ASCVD was as follows:

1. 24% significant reduction in the relative risk 
for non-fatal and fatal myocardial infarction.

2. 25% significant reduction in the relative 
risk for surgical or percutaneous coronary 
revascularization.

3. 16% significant reduction in the relative risk 
for stroke, with a significant reduction of 
31% in the relative risk for non-fatal ischemic 
stroke, non-significant reduction for fatal 
stroke and a non-significant increase of 12% 
in risk relative for hemorrhagic stroke.

4. 10% significant reduction in the relative risk 
for all-cause mortality, mainly influenced 
by the reduction in risk for coronary death. 
Reduction in risk for non-cardiovascular 
death was non-significant.

Figure 1: Moderate intensity statin vs placebo or 
control. Starting from a baseline LDL-C of 147 mg/
dL without treatment, 42 mg/dL lower LDL-C with an 
intermediate-intensity statin equals 22% lower risk of a 
major adverse cardiovascular event (MACE ) over five 
years of treatment. 40/20 rule. 
Modified from: Cholesterol Treatments Trialist’s (CTT ) 
Collaboration.10
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The benefit was homogeneous for the 
different subgroups, regardless of baseline risk 
(high, moderate, low), gender (men or women), 
age (< 75 years or ≥ 75 years), baseline LDL-C 
(> 100, 70-100 or < 70 mg/dL) and high-density 
lipoprotein cholesterol (mg/dL percentiles). No 
subgroup showed an excess risk for any type 
of cancer. Rhabdomyolysis incidence was 
4/10,000 individuals treated with high-intensity 
statins versus moderate-intensity statins, all 
of them treated with simvastatin 80 mg, and 
1/10,000 individuals treated with moderate-
intensity statins versus control or placebo.

The authors concluded that statin treatment 
for five years, that reduction of 1 mmol/L (40 
mg/dL), 2 mmol/L (80 mg/dL) and 3 mmol/L 
(120 mg/dL) in LDL-C reduced the relative 
risk of an ASCVD by 20%, 40%, or 50% 
respectively without a significant increase in the 
risk of cancer, intracranial hemorrhage and/or 
rhabdomyolysis.

GuidElinEs for hypErCholEstErolEmia 
and athErosClErotiC 

CardiovasCular risk rEduCtion

The guidelines12,13 for the treatment of 
hypercholesterolemia and the prevention 

of ASCVD are based on the following three 
fundamental concepts:

1. Hypercholesterolemia, understood as an 
inappropriate or pro-atherogenic level of 
LDL-C, and not as the average population 
level (131.5 mg/dL in Mexico), is the most 
important causal risk factor for an ASCVD.

2. Estimating the absolute risk over ten years 
is the best strategy with therapeutic benefit 
for reducing blood LDL-C level and the 
risk of an ASCVD.

3. To date, statins are the best strategy for reducing 
LDL-C levels and the risk of an ASCVD.

The way to achieve this goal differs 
conceptually among the different guidelines. 
The current American and European 
recommendations for prescribing statins 
in secondary and primary prevention are 
presented separately below.

aha/aCC 2018 guidelines 
(recommendations for starting statins)

The recommendations in this guideline12 
are based exclusively on RCT results. It has a 
strong orientation towards cost-effectiveness, 
especially for high-cost strategies (ex. 
monoclonal antibodies vs. PCSK9). It presents 
the use of therapeutic thresholds (LDL-C value 
above which a high-cost strategy is justified 
by cost-effectiveness) and the efficacy of 
the treatment is based on the percentage of 
reduction in LDL-C expected with the different 
strategies (ex. reduction between 30 and 50% 
with a moderate-intensity statin and ≥ 50% 
with a high-intensity statin). 

The main recommendations for statins 
are as follows:

1. In individuals ≤ 75 years with ASCVD, 
the recommendation is to start a high-
intensity statin (atorvastatin 40 or 80 mg or 
rosuvastatin 20 or 40 mg). Recommendation 
class I, level A.

 In individuals > 75 years or ≤ 75 years 
intolerant to a high-intensity statin, the 
recommendation is to start a moderate-
intensity statin (atorvastatin 10 or 20 mg, 

Figure 2: High intensity statin vs moderate intensity 
statin. Starting from a baseline LDL-C of 98 mg/dL 
on treatment with a medium-intensity statin, 20 mg/dL 
lower LDL-C with a high-intensity statin equals an extra 
15% lower risk of a major adverse cardiovascular event 
(MACE ) over five years of treatment. 
Modified from:  Yusuf S et al.11
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rosuvastatin 5 or 10 mg, or simvastatin 20 
or 40 mg). Recommendation class I, level A.

2. In individuals > 21 years with severe 
hypercholesterolemia with LDL-C ≥ 190 mg/
dL without ASCVD, the recommendation 
i s  to s tar t  a  high- intens i ty  s tat in. 
Recommendation class I, level B-R.

 In individuals > 21 years who are intolerant to 
a high-intensity statin, the recommendation 
is to start a moderate-intensity statin. 
Recommendation class IIa, level B-R.

3. In individuals with diabetes mellitus (DM) 
between 40 and 75 years and LDL-C 
between 70 and 189 mg/dL, without 
ASCVD, the recommendation is to start 
a moderate-intensity statin regardless 
of the absolute risk level of ASCVD. 
Recommendation class I, level A.

 With the same age and LDL-C parameters, 
if the absolute risk of ASCVD at ten years 
estimated by pooled cohort equations (PCE) 
is ≥ 20%, the recommendation is to start 
a high-intensity statin. Recommendation 
IIa, level B-NR.

4. In individuals between 40 and 75 years 
and LDL-C between 70 and 189 mg/dL, 
without ASCVD or DM, with an absolute 
risk of ASCVD at ten years estimated 
by the PCE between 7.5 and 19% 
(intermediate risk), the recommendation 
is to start a moderate-intensity statin. 
Recommendation class I, level A.

 With the same age and LDL-C parameters, 
if the absolute risk of ASCVD at ten 
years estimated by the PCE is ≥ 20%, the 
recommendation is to start a high-intensity 
statin. Recommendation class I, level A.

EsC/Eas 2019 guidelines

Beyond RCT results, the recommendations in 
this guideline13 are based on all the evidence 
that supports the «LDL-centric» principle. It 
does not consider cost-effectiveness analysis 
for any strategy. Treatment efficacy is based on 
target LDL-C values (ex. < 116, < 100, < 70, 
and < 55 mg/dL for low, moderate, high, and 
very high-risk individuals, respectively). 

The main recommendations for statins 
are as follows:

1. In very-high-risk individuals with a history 
of myocardial infarction, unstable angina, 
stable angina, stroke, cerebral hemorrhage, 
transient ischemia, peripheral arterial 
disease, and/or arterial revascularization, 
start a high-intensity statin, or the maximum 
tolerated dose with a goal of < 55 mg/dl of 
LDL-C. Recommendation class I, level A.

2. In individuals at very-high-risk with 
subc l in ica l  a therosc leros i s  by  CT 
angiography or arterial  ul trasound 
with ≥ 50% stenosis, type 1 or type 2 
DM with microangiopathy and/or ≥ 3 
risk factors, type 1 DM with ≥ 20 years of 
evolution, chronic kidney disease (CKD) 
stages IV-V, FH with ASCVD or ≥ 1 risk 
factors, or risk estimated by SCORE ≥ 10%, 
start a high-intensity statin or the maximum 
tolerated dose with a goal of < 55 mg/dL 
of LDL-C. Recommendation class I, level C.

3. I n  i nd i v idua l s  a t  h i gh - r i s k  w i th 
TC ≥ 310 mg/dL, LDL-C ≥ 190 mg/dL, blood 
pressure ≥ 180/≥ 110 mmHg, type 1 or type 
2 DM with ≥ 10 years of evolution, without 
microangiopathy and < 3 risk factors, 
CKD stage III, FH without ASCVD, and 
without other risk factors or risk estimated 
by SCORE ≥ 5% and < 10%, start a high-
intensity statin or the maximum tolerated 
dose with the goal of < 70 mg/dL of LDL-C. 
Recommendation class I, level A.

4. In individuals at moderate-risk with type 2 
DM with < 50 years of age and < 10 years 
of evolution, without microangiopathy 
and without risk factors, type 1 DM 
with < 35 years of age or risk estimated 
by SCORE ≥ 1 and < 5%, start a high-
intensity statin, or the maximum tolerated 
dose with a goal of < 100 mg/dL of LDL-C. 
Recommendation class IIa, level A.

5. In low-risk individuals with a risk estimated 
by SCORE < 1%, start a high-intensity 
statin, or the maximum tolerated dose 
with a goal of < 116 mg/dL of LDL-C. 
Recommendation class IIb, level A.
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or those with intolerance or adverse reactions 
to statins,2 in whom the therapy goals with 
high-intensity statin therapy are not met and 
therefore are still at risk of recurrent ASCVD.

Breakthroughs in the development of 
new drugs have provided alternatives such as 
injectable biological products, and RNA-based 
therapies which offer the possibility of less 
frequent dosage prescriptions. Among the non-
statin therapies, there are two alternatives which 
have shown additional LDL-c levels cardiovascular 
eve reduction and prevention of residual risk of 
nts, namely ezetimibe and in the case that the 
therapeutic goals are not met, the anti-PCSK9 
monoclonal antibodies (mabs-PCSK9).3 The 
following review addresses the mechanism of 
action, clinical indications, and current evidence 
supporting the use of these drugs.

EzEtimibE

mechanism of action

The first known mechanism of action was to 
inhibit the enzyme acyl-coenzyme cholesterol 
acyltransferase known as ACAT, however, during 
its development, it was demonstrated that 
ezetimibe inhibits the uptake of cholesterol in 
the small intestine where it binds to a transporter 
protein identified as Niemann-Pick C1-Like 1. 
This protein is the only intestinal entrance 

introduction

Until 2020 and the appearance of COVID-19, 
atherosclerotic cardiovascular disease 

(ASCVD) still was one of the leading causes of 
death worldwide. One of its most important 
risk factors is dyslipidemia and the associated 
increase in low-density lipoprotein cholesterol 
(LDL-c) level. Statins via their mechanism 
of action inhibit the enzyme 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) 
reductase blocking the cholesterol synthesis in 
the liver, lowering the low-density lipoprotein 
cholesterol up to 50% depending on the statin 
therapy intensity (moderate or high). Over the 
last decades, the use of statins has lowered the 
risk of ASCVD by 37%,1 consequently placing 
statins as the first-line drug of choice in the 
treatment of dyslipidemia. The use of statins 
has demonstrated both in large randomized 
controlled trials and epidemiologic studies 
reduction in major cardiovascular events.

The American College of Cardiology and the 
American Heart Association 2018 guidelines 
recognize that with higher reductions in density 
lipoprotein cholesterol with statin therapy, the 
benefit will have a major impact on patients 
clinical course.1 However, there is a group of 
patients with special needs and residual risk, 
such as those with severe primary, genetic 
dyslipidemias like familial hypercholesterolemia 
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gate for all type of sterols; so cholesterol, 
oxysterols and phytosterols compete to enter 
the enterocyte, reducing thereby cholesterol 
absorption. NPC1L1 proteins are not only 
found in the intestine but are also greatly 
expressed in the liver where ezetimibe, and its 
metabolite ezetimibe-glucuronide, reduce the 
reabsorption of cholesterol from bile.4

How does this process unfold, step-by-
step? After ingestion, 80% of ezetimibe undergoes 
a biochemical process of glucuronidation, 
being the enzymes responsible for this step 
the intestinal glucuronosyltransferases in the 
liver, forming a complex ezetimibe-glucuronide 
which has more affinity for the NPC1L1 
transporter than the original compound. Both, 
trough the entero-hepatic cycle. Secondarily, 
some phytosterols and phytostanols activate 
other type of membrane proteins, the ATP-
binding cassettes transporters (ABCC2, ABCC3, 
and ABCG2) which expel the already absorbed 
cholesterol to the intestine lumen.

The estimated half-life of ezetimibe and its 
metabolite is around 22 hours.4

In conclusion: ezetimibe is a specific 
inhibitor of the cholesterol transporter found in 
the brush border of the enterocyte (NPC1L1). 
By inhibiting this transporter ezetimibe causes 
a decrease in the absorption of cholesterol and 
precipitates a decrease of decrease of serum 
LDL-c cholesterol. In addition, ezetimibe blocks 
also de liver NPC1L1, impeding the excess of 
biliary cholesterol (Figure 1).3,4

drug tolerability

Given that its main effect is exerted in the 
enterohepatic system, its systemic exposition 
is limited, which leads to a low potential 
for adverse drug interactions.5 Ezetimibe 
presents some pharmacological interactions. 
Its bioavailability increases when it is co-
administered with gemfibrozil, fenofibrate or 
cyclosporine.4 Notably, ezetimibe is a well-
tolerated drug with lower intolerance and 
hepatic impairment rate than statins.5

impact of ezetimibe in atherosclerosis: 
is there a difference to statins?

Ezetimibe may or may not act in different 
atherosclerotic pathways than statins, 
therefore impacting the risk of atherosclerotic 
cardiovascular events; the pathways involved 
are briefly summarized below (Figure 2).

Effects in blood lipids: ezetimibe has 
been shown to reduce low-density lipoprotein 
levels up to 22.3% compared to placebo. 
This effect is added to the lowering action of 
statins, so in some studies a reduction from 35 
to 60% has been shown. In addition, produce 
beneficial effects on high-density lipoprotein 
cholesterol (HDL-c), triglycerides (TG) and 
apolipoprotein B100.5,6

Effects on glucose metabolism: the beneficial 
effect of ezetimibe on glucose metabolism cannot 
be asserted, as there are no studies to prove it, 
emphasize that its benefit on the incidence of 
type 2 diabetes mellitus is not clear.6

inflammation: inflammation is an important 
component of the process of atherogenesis. 
Several randomized controlled trials have 
investigated the effect of ezetimibe alone or 
in combination with statins in the reduction of 
high-sensitivity CRP (hs-CPR), but the available 
data from various meta-analyzes do not 
conclude a significant effect on hs-CRP levels 
when used as monotherapy.5

Platelet aggregation:  even though 
statin therapy has been associated with 
reduced platelet aggregation due to their 
pleiotropic effects and a mechanism that is 
LDL independent, no such effect has been 
demonstrated with ezetimibe as monotherapy.6

Figure 1: Mechanism of action of ezetimibe.
NCP1L1 = Niemann-Pick CIL1 protein; ABC G5 and G8, proteins of the ABC (ATP-bound 
cassettes) superfamily. Modified from: Lipids Online Slide Library.
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indications and clinical evidence

The American College of Cardiology and the 
American Heart Association 2018 guidelines 
recognize the importance of the adequate 
management according to individualized 
risk of major cardiovascular events (MACE) 
in patients with a history of ischemic heart 
disease, ischemic cerebrovascular disease or 
peripheral arterial disease. In these patients, 
low-density lipoproteins should be reduced 
vigorously to optimal levels. The more it is 
reduced the better. As an example, in a high-
risk patient, the recommended therapeutic 
goal of proposed low-density lipoprotein levels 
is less than 70 mg/dL or a reduction of 50% 
compared to baseline.7
The importance of using ezetimibe or mabs-
PCSK9 if therapeutic goals of LDL-C have 
not been reached was previously mentioned. 
Ezetimibe, has specific indications for the 
reduction of total cholesterol (TC), low-density 
lipoproteins, and apolipoprotein B, in the 
following scenarios: primary hyperlipidemia, 

either alone or in combination with statins, 
mixed hyperlipidemia when co-administered 
with fenofibrate, and homozygous familial 
hypercholesterolemia co-administered with 
statins, in order to reduce total cholesterol and 
low-density lipoproteins.5 The suggested dose, 
which is 10 mg/day, should be prescribed, with 
the advantage that it can be administered at 
any time since it has no direct effect on statin 
potency or metabolism. The patient should be 
followed every three to six months (Table 1).8

ProProtEin convErtasE subtilisin/
kExin tyPE 9 inHibitors

mechanism of action. The role of proprotein 
convertase subtilisin/kexin type 9 (PCSK9) in 
the metabolism of LDL-C was discovered after 
identifying a gain of function in mutations in 
PCSK9 in some French families with familial 
hypercholesterolemia, while mutations in 
other genes had previously been ruled out.9,10 
Posteriorly, other investigators showed that 
subjects carrying PCSK9 loss-of-function (LOF) 

Figure 2: Established or possible cooperative actions of statins and ezetimibe to reduce CV risk. Modified from: Al Badarin FJ et al.6

Hyperlipidemia

Hyperglycemia

Traditional 
cardiovascular 

risk factors

Novel  
cardiovascular risk 

factors

Inflammation

Thrombotic factors

Ezetimibe

Statin

++ Established beneficial effect
+   Positive effect
+/- Possible/uncertain effect
-    No effect
?   No available data

Cardiovascular 
disease

Cardiovascular 

mortality

Markers of cardiovascular 

disease progression

Endothelial dysfunction

Atheroma formation

++

+/-
+/-

+/-
+

+
-

+/-
+

+
-

++ ?

++

?



Gómez-Álvarez EB et al. Current treatment beyond statins in hypercholesterolemias220

Cardiovasc Metab Sci. 2021; 32 (s3): s217-s224 www.cardiovascularandmetabolicscience.org.mx

mutations, after discarding the inhibition in the 
synthesis and/or the absorption of cholesterol 
as the determinant factors, reduced LDL-C 
levels, with a lower rate of cardiovascular 
events.11 All of these evidences were the basis 
for investigations on a potential pathway for 
efficient therapies to further reduce the LDL-C 
levels, beyond the currently used therapies.9

step-by-step mechanism of action. 
LDL-C receptors (LDL-R) are synthesized 
mainly in the liver. The synthesis is regulated 
by the transcription factor SREBP2 dependent 
on the intracellular levels of cholesterol (less 
intracellular cholesterol yields to more SREBP2 
transcription, more LDL-R units, more, and 

less blood cholesterol levels. After its synthesis, 
the LDL-R is inserted in the hepatocyte cell 
surface where it captures LDL-C particles 
and internalizes them forming an endosome. 
Lastly, the endosome will fuse with lysosomes, 
whose enzymes degrade LDL-c particles. The 
LDL-R withstands the enzymatic action of 
degradation and is recycled to the cellular 
surface. This recycling process can occur up to 
150 times in 24 hours.

What is the role of the Pcsk9? The PCSK9 
protein is released into the circulation after being 
synthetized in the liver and the intestine, it is also 
regulated by the SREBP2 factor transcription. 
PCSK9 account as a counter-regulatory protein 

Table 1: Summary the main clinical studies that evaluated combined 
therapy with ezetimibe and statin vs statin alone.

Study
ENHANCE (2008)
Phase III

SHARP (2011)
Phase III

IMPROVE-IT (2015)
Phase III

Intervention Simvastatin 80 mg daily or a 
combination of simvastatin 80 mg 
+ ezetimibe 10 mg daily

Simvastatin 20 mg vs ezetimibe/
simvastatin 10 mg/20 mg

Simvastatin 40 mg vs ezetimibe/
simvastatin 10 mg/40 mg

Patient population 720 patients with familial 
hypercholesterolemia and LDL-C 
≥ 210 mg/dL

9,270 patients with chronic kidney 
disease with no known history of 
myocardial infarction or coronary 
revascularisation

18,144 patients hospitalized in the 
last 10 days for an ACS, who were 
50 years or older, low-density 
lipoprotein levels between 50 
and 100 mg/dL if they received 
lipid-lowering therapy or 50 to 
125 mg/dL if they did not receive 
lipid-lowering therapy

Duration 24 months 4.9 years 6 years
Primary endpoint Increase in carotid intima-media 

thickness (cIMT)
Major vascular events (non-fatal 
myocardial infarction or coronary 
death, non-haemorrhagic stroke, 
or any arterial revascularisation 
procedure) and progression to 
ESRD (in nondialysis patients)

Composite of cardiovascular death, 
nonfatal myocardial infarction, 
unstable angina requiring 
rehospitalization, coronary 
revascularization (≥ 30 days after 
randomization), or nonfatal stroke

Results Change in the cIMT was 0.0058 
± 0.0037 mm in the simvastatin-
only group and 0.0111 ± 0.0038 
mm in the combined-therapy 
group

Combined therapy produced 
a 17% proportional reduction 
in major atherosclerotic events 
(11.3% simvastatin plus ezetimibe 
vs 13·4% placebo; rate ratio [RR] 
0·83, 95% CI 0·74-0·94; log-rank 
p = 0.0021)

Rate for the primary end point 
at 7 years was 32.7% in the 
simvastatin-ezetimibe group, 
as compared with 34.7% in the 
simvastatin-monotherapy group 
(absolute risk difference, 2.0 
percentage points; hazard ratio, 
0.936; 95% confidence interval, 
0.89 to 0.99; p = 0.016)
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(Ying-Yang), by preventing the excess of 
intracellular cholesterol and its potential cytotoxic 
effects, due to the increased LDL-R synthesis 
and expression, by means of maintaining the 
LDL-R levels controlled and constant. After being 
released, PCSK9 binds to LDL-R and prevents the 
receptor from adopting its spatial configuration 
necessary to avoid degradation (Figure 3).

The result is that the number of LDL-R 
diminishes, and by doing so, the capacity of the 
liver of clearing circulating LDL particles. PCSK9 
inhibitors are produced with the replacement of 
genomic sequences between mice and humans. 
First, the genomic sequences that encode the 
synthesis of immunoglobulins are eliminated in 
the mouse and these are replaced by human 
genomic sequences; in this way, MABs-PCSK9i 
(complete human monoclonal antibodies) are 
produced, «the mouse produce full human 
immunoglobulins» with the advantage that 
an immune response is not generated from 
the human host to neutralize its effects. The 
MABs-PCSK9i while in the plasma avoid the 
PCSK9 union to the LDL-R, blocking its effects 
on the receptor and its recycling. Therefore the 
receptor can extend its biological cycle resulting 
in increased concentration of LDL-R in the 
cell surface, producing a better internalization 
capacity of LDL particles, and more degradation 
of LDL particles, finally decreasing the LDL-c 
blood levels.12

security and tolerability

Currently, there are two MABs-PCSK9i, 
alirocumab and evolocumab both of which 
are human monoclonal antibodies. Both 
drugs are safe and minimal adverse reactions 
have been reported, including some very 
common such as injection site pain and 
nasopharyngitis. Interestingly, the risk of 
myalgias or muscular toxicity is low, thus 
making them an excellent option when there 
is a history of statin-associated myopathy. 
Also, no statistical significance has been 
found regarding neurocognitive disorders 
(delirium, dementia, amnesic conditions, or 
cognitive alterations), even with very low LDL 
cholesterol levels.13

clinical evidence

Several large randomized, controlled trials 
have studied the use of MABs-PCSK9, among 
which the most important is the FOURIER 
trial, in which more than 27,000 patients 
with atherosclerotic cardiovascular disease 
and low-density lipoprotein levels outside 
of adequate or optimal ranges despite high-
intensity statin treatment, were randomly 
assigned to a PCSK9 inhibitor (evolocumab) 
or placebo. The other important trial is 
ODYSSEY study. Outcomes which confirmed 

Figure 3:

Mechanisms of action 
of PCSK9 inhibitors.
Modified from: Ogura M.11
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the benefit of alirocumab in reducing the risk of 
atherosclerotic cardiovascular disease (Table 2).

indications and therapeutic algorithm

The European Society of Cardiology 2019’s 
update guidelines, suggest that patients with 
high cardiovascular risk should achieve blood 
LDL cholesterol levels in the blood of 70 mg/
dl, but there is in a group of patients with 
a higher risk known as very high risk, even 
further reductions are recommended (55 
mg/dL or less). Therefore, to achieve these 
very challenging goals, the great majority of 
patients will require the addition of potent 
pharmacological agents.

According to the European Society of 
Cardiology (ECS), patients can be classified 
according to their risk of major cardiovascular 
events, emphasizing two determining groups: 
high risk and very high risk. Each group different 
characteristics, thus, high-risk patients are those 
with a SCORE qualification between 5% and 
10%, TC ≥ 310 mg/dL, LDL-c ≥ 190 mg/dL, 
blood pressure ≥ 180 mg/dL, chronic kidney 

disease with glomerular filtration rate between 
30 and 59 mL/min and diabetic patients without 
damage to target organs, or more than 10 years 
after diagnosis. Finally, there are included 
patients with familial hypercholesterolemia 
without other major risk.

The other group of patients are those 
at very high risk, who present a risk SCORE 
greater ≥ 10%, familial hypercholesterolemia 
but with significant risk factors, chronic kidney 
disease with a glomerular filtration rate less than 
30 mL/min, diabetics with damage to target 
organs or type 1 diabetics lasting more than 20 
years. Obviously, all of these are characteristics 
that suggest a very high risk of cardiovascular 
events, so control must be optimal.9

In general, the indications by the ESC 
suggested that the use of PCSK9i can be divided 
into primary and secondary prevention: all 
patients with a very high risk, in the context 
of primary prevention, without a history of 
familial hypercholesterolemia, whom do not 
reach the goal of LDL cholesterol with statins at 
the maximum tolerated dose plus ezetimibe, 
adding a PCSK9 inhibitor may be considered. 

Table 2: Main clinical studies that evaluated therapy with PCSK9i.

Study FOURIER (2017) ODYSSEY outcomes (2018)

Intervention and 
design

Evolocumab (either 140 mg every 2 weeks or 420 mg 
monthly) vs placebo

Alirocumab subcutaneously 75 mg every 2 weeks vs 
placebo

1:1 randomization with 69% px in high-intensity therapy, 
31% moderate or low-intensity, and 5% ezetimibe

1:1 randomization with 89% px in high-intensity therapy, 
8% moderate or low-intensity, and 3% ezetimibe

Patient population 27,564 patients with atherosclerotic cardiovascular 
disease and LDL cholesterol levels of 70 mg/dL or 
higher who were receiving statin therapy

18,924 patients who had an acute coronary syndrome 
1 to 12 months earlier, who were previously under 
optimal tolerated treatment with high-intensity statins, 
but with serum levels of non-HDL cholesterol of at 
least 100 mg/dL, apolipoprotein B of at least 80 mg/
dL, or LDL cholesterol of at least 70 mg/dL

Duration 2.2 years 2.8 years
Median cholesterol 
baseline value

92 mg/dL 92 ± 31 mg per deciliter

Primary endpoint Composite of cardiovascular death, myocardial 
infarction, stroke, unstable angina that requires 
hospitalization, or coronary revascularization

Composite of cardiovascular death, non-fatal 
myocardial infarction, fatal or nonfatal ischemic 
stroke, angina that requires hospitalization

Results Evolocumab treatment significantly reduced the risk 
of the primary end point from 11.3% to 9.8% (hazard 
ratio 0.85; 95% CI; p < 0.001)

Alirocumab treatment reduced the risk of composite 
primary end-point event from 11.1% to 9.5% (HR 
0.85; 95% CI, 0.78 to 0.93; p < 0.001)
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However, the indication is even stronger in 
the context of secondary prevention, since it 
is highly recommended to add a combination 
with PCSK9 inhibitor in high risk patients 
who do not achieve objectives despite the 
use of statins at the maximum tolerated dose 
plus ezetimibe. In the setting of patients with 
documented familial hypercholesterolemia, 
the combination of a PCSK9 inhibitor is also 
recommended in case the goals with statins 
plus ezetimibe at the maximum tolerated dose 
are not achieved. In case the patient does not 
tolerate a statin regimen at any dose, should 
be considered the use of a PCSK9 inhibitor.9

Finally, we have the following scenario: 
high-risk patients with acute coronary 
syndrome, the ESC recommends with a high 
level of evidence to add a PCSK9 inhibitor 
if the therapeutic goals of LDL cholesterol 
are not reached at four or six weeks with 
statins at the maximum tolerated dose plus 
ezetimibe. The level of evidence is lower in 
patients with acute coronary syndrome, who 
were already taking a maximum tolerated 
dose of statin plus ezetimibe, but who did 
not have optimal LDL cholesterol levels at the 

time of the event, in this scenario we should 
considered adding a PCSK9 inhibitor early 
during hospitalization.9

Figure 4 describes the level of evidence 
and therapeutic algorithm suggested by current 
2018 guidelines by the American College of 
Cardiology and American Heart Association 
and the European Society of Cardiology 
2019’s update.14,15

conclusions

In conclusion, despite the use of statins and 
their benefits, reducing the rate of ASCVD, 
the concept of residual atherosclerotic risk is 
very important in a specific group of patients 
who cannot achieve therapeutic goals of 
LDL-c, even with the maximum dosage of 
statins, or who are intolerant to them. In those 
patients, both; ezetimibe and MABs-PCSK9 
have sufficient evidence that justifies their use 
and ultimately demonstrates their importance 
in reducing significantly atherosclerotic 
cardiac events, making these drug classes an 
excellent therapeutic option in addition to their 
tolerability and security.

Figure 4:

An algorithm for the treatment 
of hypercholesterolemia. 
Modified from Rosenson et al.9
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INTRODUCTION

In Mexico, despite dietary and pharmacological 
interventions, dyslipidemias represent a 

public health problem, the most prevalent are 
elevated LDL-C and hypoalphalipoproteinemia, 
highlighting the phenotype of elevated 
triglycerides/low HDL-C in men and women 
between 40 and 59 years old (43.3% and 
43.7%, respectively). However, it is even more 
alarming, the low number of patients under 
treatment, of only 3.7%.1

Therefore, considering the substantial risk of 
associated cardiovascular events, it is necessary 
to perform an analysis of current and emerging 
therapies. In this way, it is intended to identify 
those with therapeutic potential, that have 
regulatory approval, quality control necessary 
in the development of any drug and that may 
in the future be accessible to the population.2

DEVELOPMENT OF NEW DRUGS

The development of new drugs starts with an 
exhaustive search of new molecules, that can 
interact with receptors, enzymes, proteins, 
and genes involved in the physiopathology 
of dyslipidemia. These molecules could 
be considered as molecules candidates for 
hypolipidemic treatment.

The process for considering a molecule 
as a New Molecule Candidate (NMC), from 
discovery to market can last more than 12 years 
(Figure 1). It is crucial to consider the necessary 
economic investment that is required for the 

development that increases as the discovery 
and development processes become more 
complex. This is point to consider in the 
decision-making for the implementation of 
new pharmacological therapies since if the cost/
benefit is high (not adequate), patient will not 
achieve an adequate attachment and therefore, 
success rate will be reduced.3

DISCOVERY PHASE

At this stage, study objective is defined and a 
new NMC is proposed. This can be based on 
1) efficacy similar to other drugs authorized, 2) 
genetic evidence of interaction in the disease, 
3) involvement in components of a specific 
physiopathology and, 4) selective analysis of 
synthesized compounds capable of interact 
with a therapeutic target.

DEVELOPMENT OR PRE-CINICAL PHASE

Once NMC have been postulated, they must 
demonstrate specific efficacy and safety 
characteristics according to the molecule 
type (chemical, biological, biotechnological). 
Pharmacokinetic properties should be 
reproducible and demonstratable in multiple 
laboratory trials, at different therapeutic doses, 
in different study models (in vitro, animal 
models), under conditions as physiologically 
similar to the specific pathology and should 
provide information on the occurrence of 
adverse effects, before starting human testing. 
NMC whose effects become reproducible 
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and meet the above conditions must submit 
a results report and starts the clinical phase to 
seek approval from major regulatory agencies 
(FDA, EMA, COFEPRIS).

However, the lack of trial reproducibility 
is the main limitation. Around 90% of 
NMC do not meet these requirements and 
have pharmacokinetic/pharmacodynamic 
deficiencies, in vitro/in vivo toxicity, or lack of 
efficacy and therefore they are not promoted 
to the next stage of development.

CLINICAL PHASE

This phase consists of four stages and involves 
human testing. Phase I is performed in a small 
group of healthy volunteers (< 100). The 
objective of phase I is to determine signs of 
acute toxicity. The average time is around six 
to 12 months. Main limitation of this phase is 
the recruitment of study subjects since they are 
usually young men with weight and average size 
(170 cm/70 kg).

In phase II, the drug is administered in 
groups of patients with an early stage of the 
study pathology (100-200). The objective is 
to verify the effectiveness of the candidate 
drug in the proposed pathology. It is usually 
performed by comparing the new formulation 
against placebo or the current therapeutical 

gold standard. The average development time is 
two to three years. The main limitations are the 
tests are performed realized in patients in the 
early stages of pathology evolution and without 
previous data of failure to standard treatment.

Phase III is carried out in multiple research 
centers, in different populations (100-1,000), 
with a diversity of characteristics. The objective 
is to verify safety and efficacy profiles and 
detect toxicity not previously manifested. The 
average development time of this phase is three 
to five years because it depends on specific 
selection criteria. The last phase (phase IV) is 
performed after authorization of the drug. The 
main objective is to perform pharmacovigilance 
and detect rare and long-term adverse effects.

Despite the high investment in the 
development of new pharmacological agents, 
many of them have failed. To improve the 
translational pharmacology scope, Horvath 
P et al, 2016 proposes that before seeking a 
new goal or proposing a new pharmacological 
target, the following points must be reviewed: 
1) adequate cell lines or preclinical models, 
2) population where they will be developed, 
3) improve statistical and methodological 
robustness in both previous points and 4) 
safety and toxicity problems because cardio 
or hepatotoxic effects are mainly evidenced in 
post-authorization phase.

THERAPEUTIC TARGET MOLECULES: 
THEIR USEFULNESS AND SEARCH

The descriptive work on the cholesterol 
cycle and its relationship to atherosclerotic 
disease in subjects with homozygote familial 
hypercholesterolemia, carried out by Goldstein 
and Brown in 1970, in conjunction with reports 
from the Framingham Study, determined the 
importance of lowering serum cholesterol 
levels for the prevention and treatment of 
vascular atheromatic disease.4 Dietary changes 
demonstrated little effect on cholesterol level in 
family hypercholesterolemic patients, leading to 
an increased interest in endogenous cholesterol 
synthesis at liver level as a cause of pathological 
serum lipids increase.

The first pharmacological approach to 
reduce serum lipids was the use of dietary 
fibers and fat-absorbing resins that decrease Figure 1: Drug development phases.
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cholesterol absorption at the intestinal level. It’s 
non-specific and modest antilipidemic effect 
was associated with significant adverse effects 
at gastrointestinal level.

In 1980, a molecule to specifically alter serum 
cholesterol levels by interfering with its synthetic 
pathway was used. Akira Endo et al5 described 
the effects of the compound ML-236B (lovastatin-
competitive inhibitor of the 3-hydroxy-3-methyl 
glutaryl CoA reductase enzyme), in subjects 
with primary hypercholesterolemia. An average 
of 27% reduction in serum cholesterol levels 
was observed. Since then, the strategy to 
decrease cholesterol levels and particularly its 
most atheromatous subfraction: low-density 
cholesterol (LDL-C), has focused on identifying 
key proteins in exogenous, endogenous, and 
reverse phases of the cholesterol cycle. The 
basis for such therapeutic orientation is that a 
specific blockage or functional alteration, will 
result in a reduction in serum concentrations. 
This blockage will prevent the formation of 
obliterating atheroma and/or decrease its size 
in a long-term form.

Identification and validation of these proteins 
as modifiable targets allows performing designs 
and simulations in silico, biochemical or molecular 
synthesis, or genetic engineering techniques 
initially tested in cell or tissue cultures, natural and 
chimeric animal models and follow the processes 
previously described in this review.

To this point, several proteins with potential 
use as therapeutic targets have been found. 
Here the most important under investigation, 
as well as the lipid cycle phase in which they 
exert their function are described:

 Apolipoprotein E (APO-E): internal 
ligand of the LDL receptor, participates 
in metabolic regulation of lipoproteins, 
through the transport of lipids to and 
from different tissues. Participates in 
exogenous and endogenous phases of the 
cholesterol cycle.

 Apolipoprotein A1 (APO-A1): participates 
in the formation and molecular structure 
of HDL cholesterol, activates the enzyme 
lecithin cholesterol acyl transferase 
(LCAT), and stimulates reverse transport 
of cholesterol.6

 ATP-citrate-lyase (ACLY): participates in 
cholesterol synthesis. This enzyme catalyzes 
conversion of citrate and coenzyme A 
to acetyl Co-A; condensation of three 
molecules of Acetyl Co-A generate the 
3-methyl-glutaryl coenzyme A, which in 
successive steps will generate mevalonate 
and finally the cholesterol molecule.

 Proprotein convert subtilisin/kexin 
type 9 (PCSK9): liver origin protein. In 
the hepatocyte membrane, it joins to the 
LDL receptor (LDLR), the LDLR-PCSK9 
complex is internalized to the cytoplasm 
in endosomes/lysosomes, allowing the 
degradation of LDLR, preventing its recycling 
and decreasing LDL-cholesterol clearance.7 
It participates in the endogenous and 
exogenous phases of cholesterol.

INNOVATIVE MOLECULES IN DEVELOPMENT

Since its creation in 1997, the registration 
ClinicalTrials.gov has allowed to follow the 
process of new drugs development, recording 
phase I, II, and III studies of new molecules, 
as well as other processes or developments 
that do not relate to drugs.8 Assignment of 
a registration number allows to track the 
evolution of a study and facilitates but does 
not ensure, publication in academic journals 
and subsequent authorization by the U.S. Drug 
Administration (FDA).

A systematic search was done using the 
words, «Hypercholesterolemia» and «Early 
phase I, II, III». Twenty-eight «innovative» 
molecules were identified at different stages 
of development.

Of the innovative molecules identified, 
nine are new recombinant anti-PCSK9 
antibodies, with small modifications to those 
currently authorized. The first antisense 
oligonucleotide molecule with extensive 
improvements to previous anti-PCSK9 drugs 
was suspended by significant immunological 
adverse reactions. Showing the difficulties to 
design biotechnological drugs. One identified 
development includes a prosthetic drug 
without biological antibody activity created 
to bind to PCSK9 to prevent its digestion. Two 
developments in this group attract powerful 
attention, although they are in early stages of 
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development: an oral administration PCSK9 
inhibitor and a vaccine created with RNA 
coding a PCSK9 blocker protein that would have 
subcutaneous application every three months.

In addition, one drug classified as anti-
angiogenic is developing as a hypolipidemic agent 
by blocking the angiopoietin-3 receptor. Another 
molecular mechanism under development is the 
creation of mimetic peptides of apolipoproteins 
B and E, that block lipid receptors and decrease 
levels of LDL-C. A mimetic molecule of Apo-1 
increases lipid uptake by HDL-C. Two other 
anti-senses oligopeptides (siRNA), which block 
the expression of angiopoietin-3 are in their first 
stage of development.

Synthetic molecules, although in a smaller 
proportion, are represented by a nicotinic 
acid receptor agonist, two beta-hydroxysteroid 
dehydrogenase inhibitors, and a cholesterol 
ester transferring protein (CEPT) inhibitor.

It is notable that, of these 28 prospects, most 
are reported on Clinicaltrials.gov as completed. 
Less than 15% of those have reported results and 
fewer have been published. This phenomenon 
diminishes the credibility of the control that 
motivated the register.

Final ly,  19 molecule development 
projects located were suspended for different 
causes. Some causes of this suspension are 
ineffectiveness, important adverse events 
(liver damage, kidney damage, or increased 
cardiovascular events), up to a case of 
interruption without specifying details by 
the production company despite having 
authorization for its marketing. These projects 
are published even less frequently.

INNOVATIVE APPROVED MOLECULES

After a search in PubMed with the following 
keywords :  Hyper l i p idemia s ,  Drugs -
Investigational, Drug Approval, and Drug 
Development and using the last 10 years and 
human species as filters, one hundred and 
forty-eight articles were obtained, after revision 
of title and abstract, 50 articles about currently 
approved molecules were maintained. Finally, 
24 articles were included in this review.

Lomitapide: is a selective microsomal 
triglyceride transfer protein inhibitor for 
lowering LDL-C levels in adults with familial 
hypercholesterolemia (Table 1).9 Lomitapide 
binds to and suppresses microsomal triglyceride 
transfer protein (MTP), producing lipoproteins 
that contain apo-B in the hepatocytes and 
the enterocytes leading to a decrease in the 
generation of very-low-density lipoprotein 
(VLDL) and chylomicrons and hence decreasing 
LDL-C levels in plasma. It is effective in reducing 
LDL-C, alone (35% reduction in LDL-C), or in 
combination with ezetimibe, fenofibrate, and 
atorvastatin (66% reduction in LDL-C). Similarly, 
it has been observed that under these schemes 
reductions of up to 50% of serum triglyceride 
levels and up to 3% of weight loss is achieved.10 
Several studies make such observations; 
however, report of adverse events is important.

In phase II and III clinical studies, about 90% 
of the population suffers from gastrointestinal 
discomfort, 30% report diarrhea, nausea, 
vomiting, and dyspepsia. About 20% report 
abdominal pain, discomfort, gases and 
flatulence.10 It is important to add that in 

Table 1. Characteristics of approved innovative molecules.

Molecule Lomitapide Mipomersen Permafibrate Inclisiran Bempedoic Acid 

Approval year 2012 2013 2017 2020 2020
Indication Familial 

Hypercholesterolemia
Familial 

Hypercholesterolemia
Familial 

Hypercholesterolemia 
and hyperlipidemia 

Familial 
Hypercholesterolemia

Familial 
Hypercholesterolemia

Route of 
administration

Oral Subcutaneous Oral Subcutaneous Oral

Dosage 5mg/day 200mg/week 0.1mg/12hours 300mg/6 months 180mg/day
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some cases, side effects are those related to 
hepatic transaminases elevation (approximately 
30% of patients, this is a reversible situation 
within two weeks of drug discontinuation) and 
accumulation of liver fatty tissue, situations to 
be considered in clinical use.

Mipomersen:  second genera t ion 
oligonucleotide antisense drug for Apo-B, approved 
for treatment of family hypercholesterolemia in 
patients over 12 years, by weekly subcutaneous 
injections of 200 mg. Mipomersen binds to 
the region-specific segment encoding RNAm 
for apo-B, reducing the translation of RNAm 
into protein by multiple mechanisms including, 
activation of RNase H-mediated degradation of 
the cognate mRNA, thus dissipating the synthesis 
of ApoB in the liver and its transport.

It use has achieved a 25% reduction 
in LDL-C levels. Similarly, changes in lipid 
metabolism indicators such as total cholesterol, 
and APO-B have been observed.11 However, 
certain adverse effects were identified, including 
reaction in the area of application of the drug 
(84%), flu symptoms (30%), and the elevation 
of hepatic transaminases (up to 40%). For 
that reason, the FDA alert about the non-free 
use of mipomersen. Current use require that 
patients consuming it receive a follow-up from 
pharmaco-surveillance in an close manner.10

Permafibrate: is a highly selective 
peroxisome proliferator activated receptor 
(PPAR)-α, developed for the treatment of 
hyperlipidemias. Permafibrate is > 2,500 times 
more efficient than fenofibrate with reduced 
adverse effects. The mechanism of action is 
the reduction of triglyceride-rich protein (TLR), 
acting together in lipoprotein metabolism in the 
liver, small intestine, as well as macrophages.

Recently, permafibrate has been approved 
by the FDA for the treatment of hyperlipidemias, 
achieving a reduction of 44.3% in triglycerides 
and 49.1% in cholesterol remnants. After 
treatment with permafibrate, the proportion 
of patients with triglycerides less than 150 mg/
dL was 81.5%.12 The use of permafibrate as 
coadjutant therapy to statins has also been 
shown to reduce up to 53.4% in triglycerides 
at doses of 0.2 mg/dL. The main role of 
permafibrate is the reduction of triglycerides 
by more than 45% after 12 to 24 weeks of 
administration, this reduction is comparable 

to the reduction achieved by fenofibrate, but 
with a considerable decrease in adverse effects.

In addition to these effects, the ability to 
reduce non-HDL cholesterol, Apo-B, ApoB48, 
and ApoC3, with increased HDL-C has been 
reported with a reduction of cardiovascular risk. 
Permafibrate has adverse effects of less than 5%, 
including nasopharyngitis, increased creatinine and 
uric acid, and altered liver function. Among them, 
no death or rhabdomyolysis has been reported.

Inclisiran: first interference RNA (siRNA) 
biotechnology drug, recently approved by 
the FDA and under current review; to reduce 
LDL-C levels and prevent cardiovascular events.

The reported mechanism of action is 
reduction of intra and extracellular production 
of PCSK9, from conjugation with triantennary 
N-acetylgalactosamine (GalNAc) that provides 
high-affinity binding to hepatocyte receptors, 
which reduce the dose and volume of drug 
required and the highly specific liver uptake 
should result in less chance of off-target 
effects.13,14 Efficacy on LDL-C reduction has 
been demonstrated in phase II and III ORION 
studies, with participation of more than twenty 
thousand patients worldwide,14 who were 
under maximum dosing of statins and/or more 
ezetimibe and with significant risk factors for 
cardiovascular disease, achieving a reduction 
in LDL-C of approximately 50%, allowing up 
to six months between doses.

Inclisiran, not only achieves LDL-C 
reduction, Khan et al. in a meta-analysis of 
three clinical trials with 3,660 patients describe 
that compared to placebo, it also significantly 
decrease (p < 0.001) total cholesterol (37%), 
ApoB (41%), non-HDL cholesterol (45%) and 
major cardiovascular events (24%). Despite 
its effectiveness, adverse effects, considered 
moderate, have been reported, occurring in 
the same proportion that in placebo group. 
However, there are still certain limitations that 
should be explored such as the comparation 
of inclisiran vs PCSK9 inhibitor monoclonal 
antibodies and the cost they will represent for 
health and patient services.

Bempedoic acid: it is a pro-drug rapidly 
absorbed by the small intestine, which allows its 
passage to the liver where it is activated by very-
long-chain acyl-CoA synthetase 1 (ACSVL1) to 
ETC-1002-CoA.9, this active metabolite inhibits 
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adenosine triphosphate- citrate lyase (ACLY), 
an enzyme upstream of HMG-CoA reductase. 
Inhibition of ACL decreases cholesterol biosynthesis 
and causes an upregulation in lipoprotein receptors 
to increase LDL-C clearance.15

Efficacy of bempedoic acid was evaluated in 
four phase III randomized double-blind clinical 
trials: CLEAR Tranquility, patients with a history of 
statin intolerance and use of ezetimibe; CLEAR 
Serenity, subjects with statin intolerance but 
hypolipidemic therapy for primary prevention; 
CLEAR harmony, patients in statin therapy with 
maximum tolerable and CLEAR Wisdom, in 
patients at high cardiovascular risk and in statin 
therapy at tolerable maximums. A daily dose of 
180 mg achieved LDL-C reduction from 12.6 
(at 52 weeks of follow-up) to 23.6% (within 
12 weeks of surgery). Side effects were similar 
in both groups. Main reported adverse events 
were nasopharyngitis, urinary tract infections, 
arthralgia, hyperuricemia, gout, decreased 
glomerular filtration rate, and risk of tendon 
rupture.15 Despite the observed results, it is 
considered an expensive therapy.

CONCLUSIONS

The introduction of silico design, molecular 
biology, and genetic engineering in the design of 
new hypolipidemic drugs forces us as clinicians 
to be updated in new drug molecules that are 
a potential alternative against the process of 
formation of obliterating vascular atheroma.

This work offers an update on this topic, with 
a streamlined explanation of the process of drug 
developing and reviewing the pharmacological 
developments authorized for clinical use, that 
will soon be available to the cardiological group.
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IntroductIon

Hypertriglyceridemia (HTG) is a biochemical 
diagnosis based on the concentration of 

fasting plasma triglycerides. Current guidelines 
define it as such triglycerides (TG) being above 
150 mg/dL. According to the American Heart 
Association standards, two categories are 
considered: mild to moderate with or without 
fasting, with amounts in the 150 to 499 mg/dL 
range, and severe if greater than 500 mg/dL.1

For years, attempts have been made to 
define the role of TG as a cardiovascular (CV) 
risk factor. However, its link with reducing 
high-density cholesterol (HDL-c), considered 
with alleged cardioprotective properties, 
has favored confusion. This symbiosis has 
led to therapeutic interventions to increase 
the latter without reducing CV outcomes, 
further diverting attention from the benefit of 
HTG treatment. HTG has recently become 
a new point of interest, recognizing that its 
presence is associated with the elevation of 
triglyceride-rich lipoproteins (TRL) and their 
remnants since these particles represent an 
increasingly important role in the genesis 
of atherosclerosis.2 The evidence in favor 
of the relationship between low-density 
cholesterol (LDL-c) and CV danger, as well as 
the benefit of the various remedial alternatives, 
is unequivocal. However, once LDL-c has been 
reduced to the therapeutic target, a high CV 
peril persists, partly due to the residual lipid 
hazards favored by HTG, which is part of the so-
called atherogenic dyslipidemia, related with a 
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decrease in HDL-c and qualitative alterations of 
LDL-c fragments in size and density which favor 
the continuum of CV probability.3 To determine 
the role of HTG and TRL as an independent 
predictor of atherosclerotic cardiovascular 
disease (ASCVD), various epidemiological, 
genetic, and pharmacological intervention 
investigations have been carried out.4

EpIdEmIologIcal studIEs

In the general population, studies consistently 
show a strong association of HTG with the 
risk of ASCVD. The Framingham Heart Study 
found a simple linear relationship between 
serum TG and the subsequent development 
of coronary artery disease (CAD), statistically 
significant, particularly in women. However, the 
most definitive evidence of danger was found 
when evaluating the relationship connecting 
an elevation of TG (> 150 mg/dL) and a low 
level of HDL-c (< 40 mg/dL), regardless of 
the main risk factors. It was observed that 
the threat of CAD doubled in the following 
14 years of the investigation.5 The PROCAM 
study (Prospective Cardiovascular Münster) 
evaluated the incidence of ASCVD in 4,860 
men. It demonstrated that total cholesterol 
(TC), HDL-c, LDL-c, and TG had a significant 
age-adjusted bond with major coronary events. 
CV danger increased when the TG was higher 
than 200 mg/dL, related with the LDL-c/HDL-c 
index greater than five, which profiles a sixfold 
atherogenic menace of developing CAD in the 
following eight years.6

Vol. 32 Suppl. 3
July-September 2021

Cardiovascular and 
     Metabolic Science

doi: 10.35366/100803



Ruiz-Gastélum E et al. Triglyceridess232

Cardiovasc Metab Sci. 2021; 32 (s3): s231-s235 www.cardiovascularandmetabolicscience.org.mx

A meta-analysis of 61 papers quantitatively 
eva lua ted the  re la t ion  between TG 
concentrations with CV and total mortalities. 
Compared to the reference value (90 to 149 
mg/dL), the relative risk of CV mortality and 
total mortality connected to TG amounts, it 
was noticed that borderline-high (150 to 199 
mg/dL), and high TG (≥ 200 mg/dL), grew 15% 
and 9% in the group with borderline-high TG, 
and by 25% and 20% in the group with HTG, 
respectively. Overall, the threat of CV and total 
mortalities rose by 13% and 12% respectively, 
for every mmol/L of TG concentration increase.7

The BIP registry (Bezafibrate Infarction 
Prevention), which comprised 15,355 patients 
with ischemic heart disease followed during 
22 years, exhibited that HTG is independently 
associated with more numerous fatalities. Age- 
and sex-adjusted survival was 41% in the low 
normal TG group (below 100 mg/dL). With 
levels of 100-140 mg/dL, 150-199 mg/dL, 200-
499 mg/dL, and above 500 mg/dL, survival rates 
were 37%, 36%, 35%, and 25%, respectively 
(p < 0.001). In the latter group, after 22 years 
of follow-up, lethal danger worsened by 68% 
when compared with individuals with low-
normal TG (p < 0.001).8

The PROVE IT (Pravastatin or Atorvastatin 
Evaluation and Infection Therapy) analysis 
of 4,162 ill persons hospitalized after acute 
coronary syndrome, treated with statins, 
analyzed the relationship between fasting 
TG levels and an LDL-c goal below 70 mg/
dL, which attained and a 28% reduction in 
fatalities. Deaths, myocardial infarction (MI), 
or recurrent CV events occurred in 11.7% of 
patients with TG below 150 mg/dL, while the 
rate ascended to 16.5% in those with TG > 150 
mg/dL (p < 0.001).9

Another important aspect of determining 
the concentration of TG is their non-fasting 
measurement rather than fasting quantification. 
Nordestgaard et al. detected a more significant 
impact as a risk factor with non-fasting TG 
since they better represent the plasma levels 
of atherogenic lipoproteins, including both 
atherogenic lipoproteins of hepatic and 
intestinal origin. The maximum changes in 
averages for random non-fasting concentrations 
versus fasting are +26 mg/dL for TG, -8 mg/dL 
for TC and low-density lipoprotein, +8 mg/

dL for remaining cholesterol, and -8 mg/dL for 
non-HDL-c.10 In the Copenhagen City Heart 
Study and Copenhagen General Population 
Study, extremely high amounts of non-fasting TG 
are associated with an increased peril of ASCV 
and total mortality. For persons with fasting TG 
fewer than 580 mg/dL versus 70 mg/dL, the 
probability of MI was 5.1 times greater, 3.2 times 
for ischemic heart disease and ischemic stroke, 
and 2.2 times for death by any cause.4

gEnEtIc studIEs: mEndElIan 
randomIzatIon

Researches with Mendelian randomization 
allowed identifying some genetic variants 
which, alongside lifestyle factors such as 
atherogenic diet and obesity, raise CV stakes. 
Specific gene mutations have been found which 
cause loss of function of lipoprotein lipase 
(LPL), the primary metabolizing enzyme of 
TG, which in turn determines the functionality 
of various proteins, as the enzyme called 
lipase maturation factor (LMF1), Apo C-II, an 
apolipoprotein which is an activating cofactor, 
apolipoprotein A-5 (APOA-5) that stabilizes 
LPL-1 complexes, and the HDL-binding protein 
attached to glucosylphosphatidinositol type one 
(GPIHBP-1), which translocates the LPL-1 to the 
endothelial surface, and simultaneously anchors 
the chylomicrons, and whose loss of function 
variants are also linked to HTG.11

On the other  hand,  mutat ions in 
angiopoietin-like proteins three and four 
(ANGPTL3 and ANGPTL4), endogenous 
inhibitors of LPL, and apoprotein C-3, an Apo 
E antagonist, cause a diminution of TG and 
LDL-c, with a consequent decrease of CVD. 
In an analysis of 21,980 individuals with CAD 
and 158,200 control subjects, in whom a 
gene sequence of ANGPTL3 deficiency was 
evidenced and compared with those who do 
not possess it, a decline of 17% of circulating 
TG and 12% of C-LDL, and 34% of the odds 
ratio of CAD were noticed.12

The impact of TRL was evident in a 
Mendelian randomization design research 
conducted in the Copenhagen population of 
73,000 citizens, in whom 11,984 had ischemic 
heart disease. Fifteen genetic variants were 
selected that affect the residual cholesterol 
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particles, with and without HDL-c combined, 
HDL-c alone, and LDL-c as a positive control. 
It was concluded that the increase in non-
fasting remaining cholesterol of one mmol/L 
(39 mg/dL) is associated with a 2.8-fold causal 
risk of ischemic heart disease, independent 
of reduction HDL-c.13 Mutations with loss of 
function in APOC3 are linked with minor TRL 
levels and scant CVD danger. Some papers 
confirm another relationship of low LDL-c 
that could explain the reduced threat of CVD 
in heterozygous with loss of APOC3 function. 
Therefore, in a meta-analysis, these parameters 
were independently evaluated. It was decided 
that the tiny chance of observed events is 
mainly mediated by the lower concentration of 
cholesterol-rich lipoproteins and not by LDL-c 
diminution alone. This conclusion suggests that 
APOC3 and TRL may be therapeutic targets to 
reduce cardiovascular hazards.14

Another examination of the general 
population of Copenhagen, which included 
approximately 100,000 Danes, showed that 
in addition to LDL-c, cholesterol leftovers are 
directly responsible for ASCVD, regardless of 
LDL-c concentrations. In the observational 
analysis, the hazard rate (HR) of MI per each 
mmol/L (39 mg/dL) was 1.3 times for LDL-c and 
1.4 times for remnants. In genetic studies with 

Mendelian randomization, HR for MI was 2.1 
times for LDL-c, and 1.7 times for remainders.15

IntErvEntIon studIEs

Explorations with niacin, fibrates, and omega-3 
fatty acids, which reduce plasma TG, have not 
positively reduced CVD. Notwithstanding, in 
some trials, subgroup analyses have displayed 
protective effects in subjects with mild HTG 
and low HDL-c, particularly fibrates, in the 
period before statins. So far, just a handful of 
papers have revealed a significantly beneficial 
effect on CV outcomes. The REDUCE-IT study, 
which included diabetic patients or those with 
CVD and HTG, already treated with statins, 
documented a relative risk of 32% decrease in 
the primary endpoint using a dose of omega-3 
icosapent ethy of 2 × 2 grams. The JELIS 
(Japan EPA Lipid Intervention Study), with 
eicosapentaenoic acid (EPA) 1.8 g/day added 
to a statin, indicated a 19% reduction in CV 
events. It has been considered that benefit more 
than the decline in TG derived by the anti-
inflammatory and antithrombotic pleiotropic 
effects. The lack of positive results in previous 
reports could be due to inadequate selection 
of individuals, pre-existing TG quantities, or 
the wrong type and dose in most omega-3 

Figure 1: Comparison of risk of myocardial infarction by 1 mmol/L (39 mg/dL ) higher levels of low-density 
lipoprotein (LDL ) cholesterol AND remnant-cholesterol from observational and genetic studies, data from individuals 
in the Copenhagen General Population Study. Adapted from: Handelsman Y et al.17

Individuals Events

LDL cholesterol increase of 39 mg/dL (1 mmol/L)

Observational 108,554 2,210

Genetic (APOB, LDLR, PCSK9, HMGCR) 95,908 4,155

Remnant cholesterol increase of 39 mg/dL (1 mmol/L)

Observational 108,508 2,219

Genetic (TRIB1, GCKR, LPL, APOA5) 97,745 4,199

1.0 1.5 2.0 2.5 3.0 3.5
Hazard ratio or causal risk ratio for 

myocardial infarction (95% CI)
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fatty acid assays. In such a way, HTG could 
be a biomarker of the presence of a more 
atherogenic lipoprotein particle, such as TRL 
and the lingering cholesterol (Figure 1) .16,17

mEchanIsm that condItIons 
athErosclErosIs

A plausible explanation of the difficulty in 
establishing a clear causal role of HTG in 
CVD risk is that the products of TRL lipolysis, 
rather than the TRL themselves, are the likely 
mediators of increased CVD danger because 
they are more atherogenic than large TRL. 
After all, they penetrate the arterial wall 
more easily by containing higher cholesterol 
relative to triglycerides (5 to 20 times), 
promoting proatherogenic effects in the vascular 
endothelium. These lithic products, remnant 
lipoprotein particles (RLP), are estimated 
to result from the extensive remodeling of 
chylomicrons, VLDL, and those in intermediate 
ranges, with a more significant pro-atherogenic 
effect. Those remainders of TRL are generated 
by the LPL hydrolysis, resulting in progressively 
small fragments depleted of TG with an 
increase in cholesterol content. The lower 
clearance of RLP may be due to reduced LPL 
activity or incomplete conversion of LRT to 
lipoproteins having a greater liver affinity for 

removal. This fact prolongs the plasma half-
life of remaining lipoproteins of different size 
spectra in the circulation. The smaller size favors 
its penetration into the arterial wall. Once in 
the subendothelial space, they are trapped 
by proteoglycans and can be absorbed by 
macrophages; such residues without the need 
to oxidize can quickly form a foaming cell and 
promote the development of atherosclerosis.18 
HTG is also associated with the increase of small 
and dense LDL-c elements, which may be more 
atherogenic; while cutting HDL-c elements. 
The extended circulation time of LDL-c is 
derived from lipolysis of various VLDL1 species, 
facilitating a significant transfer of cholesterol 
and replaces it with TG donated by the VLDL, 
which are eventually hydrolyzed by the hepatic 
lipase, generating smaller units of LDL-c.2

In addition, it has been observed that, in the 
process of TG metabolism, remnants of TRL may 
favor an infamous response. The resulting lytic 
products such as oxidized fatty acids, together 
with the remainders, induces the production 
of cytokines (TNF-alpha), interleukins and 
promotes the adhesion of proatherogenic 
molecules, which facilitates the migration 
of leukocytes to the site of inflammation; 
this favors the adhesion of monocytes to 
the endothelium and the activation of 
neutrophils. On the other hand, by allowing 

Chylomicron

Figure 2: Possible mechanisms of atherogenesis by TRL. These particles also contain cholesterol esters, can penetrate the arterial intima, and are 
taken up by macrophages, transforming them into foam cells. TRL also promotes endothelial dysfunction through oxidized fatty acids (lipolytic 
products), by favoring a pro-inflammatory response and activation of prothrombotic factors.
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the overexpression of the plasminogen-1 
inhibitor gene and the plasminogen-1 inhibitor 
antigen, platelet activation and aggregation 
processes are facilitated, giving rise to a 
prothrombotic state (Figure 2). Metabolic effects 
are summarized below:18,19

1. Decrease in HDL-c.
2. Occurrence of TG-rich lipoprotein.
3. Presence of small and dense LDL-c particles.
4. Prothrombotic state.
5. Increased inflammatory response and 

endothelial dysfunction. 

conclusIons

Epidemiological, genetic, and pharmacological 
intervention reviews provide increasingly strong 
evidence that large TRL concentrations are an 
independent predictive causal risk factor for 
CVD. Consequently, HTG is more a biomarker of 
its existence, not only because of its atherogenic 
potential but also a marker of small and dense 
LDL-C particles with a higher atherogenic 
effect. Therefore, they may be a potential 
target for future therapeutic intervention to 
reduce the residual lipids hazards and reduce 
atherosclerotic vascular burden.

rEfErEncEs

 1.  Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher 
KK, Blumenthal RS et al. 2018 AHA/ACC/AACVPR/
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA 
guideline on the management of blood cholesterol: 
a report of the American College of Cardiology/
American Heart Association Task Force on Clinical 
Practice Guidelines. Circulation. 2019; 139 (25): 
e1082-e1143.

 2.  Packard CJ, Boren J, Taskinen MR. Causes and 
consequences of hypertriglyceridemia. Front 
Endocrinol (Lausanne). 2020; 11: 252.

 3.  Hernández-Mijares A, Ascaso JF, Blasco M, Brea A, Díaz 
A, Mantilla T et al. Residual cardiovascular risk of lipid 
origin. Components and pathophysiological aspects. 
Clin Investig Arterioscler. 2019; 31 (2): 75-88.

 4.  Nordestgaard BG. Triglyceride-rich lipoproteins and 
atherosclerotic cardiovascular disease: new insights 
from epidemiology, genetics, and biology. Circ Res. 
2016; 118 (4): 547-563.

 5.  Castelli WP. Epidemiology of triglycerides: a view from 
Framingham. Am J Cardiol. 1992; 70 (19): 3H-9H.

 6.  Assmann G, Schulte H, von Eckardstein A. 
Hypertriglyceridemia and elevated lipoprotein(a) are 
risk factors for major coronary events in middle-aged 
men. Am J Cardiol. 1996; 77 (14): 1179-1184.

 7.  Liu J, Zeng FF, Liu ZM, Zhang CX, Ling WH, Chen 
YM. Effects of blood triglycerides on cardiovascular 
and all-cause mortality: a systematic review and meta-
analysis of 61 prospective studies. Lipids Health Dis. 
2013; 12: 159.

 8.  Klempfner R, Erez A, Sagit BZ, Goldenberg I, Fisman E, 
Kopel E et al. Elevated triglyceride level is independently 
associated with increased all-cause mortality in patients 
with established coronary heart disease: twenty-two-
year follow-up of the bezafibrate infarction prevention 
study and registry. Circ Cardiovasc Qual Outcomes. 
2016; 9 (2): 100-108.

 9.  Miller M, Cannon CP, Murphy SA, Qin J, Ray KK, 
Braunwald E; PROVE IT-TIMI 22 Investigators. Impact 
of triglyceride levels beyond low-density lipoprotein 
cholesterol after acute coronary syndrome in the 
PROVE IT-TIMI 22 trial. J Am Coll Cardiol. 2008; 51 
(7): 724-730.

10.  Nordestgaard BG. A test in context: lipid profile, fasting 
versus nonfasting. J Am Coll Cardiol. 2017; 70 (13): 
1637-1646.

11.  Laufs U, Parhofer KG, Ginsberg HN, Hegele RA. 
Clinical review on triglycerides. Eur Heart J. 2020; 41 
(1): 99-109c.

12.  Stitziel NO, Khera AV, Wang X, Bierhals AJ, Vourakis 
AC, Sperry AE et al. ANGPTL3 deficiency and 
protection against coronary artery disease. J Am Coll 
Cardiol. 2017; 69 (16): 2054-2063.

13.  Varbo A, Benn M, Tybjærg-Hansen A, Jørgensen 
AB, Frikke-Schmidt R, Nordestgaard BG. Remnant 
cholesterol as a causal risk factor for ischemic heart 
disease. J Am Coll Cardiol. 2013; 61 (4): 427-436.

14.  Wulff AB, Nordestgaard BG, Tybjærg-Hansen 
A. APOC3 loss-of-function mutations, remnant 
cholesterol, low-density lipoprotein cholesterol, and 
cardiovascular risk: mediation- and meta-analyses of 
137 895 individuals. Arterioscler Thromb Vasc Biol. 
2018; 38 (3): 660-668.

15.  Borén J, Chapman MJ, Krauss RM, Packard CJ, Bentzon 
JF, Binder CJ et al. Low-density lipoproteins cause 
atherosclerotic cardiovascular disease: pathophysiological, 
genetic, and therapeutic insights: a consensus statement 
from the European Atherosclerosis Society Consensus 
Panel. Eur Heart J. 2020; 41 (24): 2313-2330.

16.  Patel PN, Patel SM, Bhatt DL. Cardiovascular risk 
reduction with icosapent ethyl. Curr Opin Cardiol. 
2019; 34 (6): 721-727.

17.  Handelsman Y, Shapiro MD. Tr ig lycer ides, 
atherosclerosis, and cardiovascular outcome studies: 
focus on omega-3 fatty acids. Endocr Pract. 2017; 23 
(1): 100-112.

18.  Basu D, Bornfeldt KE. Hypertriglyceridemia and 
atherosclerosis: using human research to guide 
mechanistic studies in animal models. Front Endocrinol 
(Lausanne). 2020; 11: 504.

19.  Sandesara PB, Virani SS, Fazio S, Shapiro MD. The 
forgotten lipids: triglycerides, remnant cholesterol, and 
atherosclerotic cardiovascular disease risk. Endocr Rev. 
2019; 40 (2): 537-557.

Correspondence:
Edith Ruiz-Gastélum, MD, FACC
E-mail: edithdruizg@hotmail.com



www.medigraphic.com/cms www.cardiovascularandmetabolicscience.org.mx

*Unidad de 
investigación de 
enfermedades 
metabólicas, Instituto 
Nacional de Ciencias 
Médicas y Nutrición 
«Salvador Zubirán», 
Mexico City, Mexico.

Received:
08/07/2021
Accepted:
13/07/2021

Cardiovasc Metab Sci 2021; 32 (s3): s236-s241 @https://dx.doi.org/00.00000/00000 @

How to cite: Cruz-Bautista I. Approach to hypertriglyceridemia syndromes: the importance of distinguishing between primary and 
secondary etiologies. Cardiovasc Metab Sci. 2021; 32 (s3): s236-s241. https://dx.doi.org/10.35366/100804 

www.ancam.org.mx

IntroductIon

Hypertriglyceridemia (HTG) is a common 
clinical problem. Current medical 

guidelines define normal fasting plasma 
triglycerides (TG) concentrations as less than 
150 mg/dL. According to the European Society 
of Cardiology and European Atherosclerosis 
Society (ESC/EAS), mild-to-moderate common 
HTG (CHTG) is defined by TG concentrations 
between 150-880 mg/dL, and severe HTG 
refers to ranks higher than 880 mg/dL.1,2 
The prevalence of HTG varies among ethnic 
groups; it is hugely prevalent in Hispanics. 
In Mexico, the pervasiveness of mild-to-
moderate hypertriglyceridemia is around 31%, 
with ~5% of the Mexican population showing 
critical HTG.3 Standards recommend advising 
all subjects suffering from HTG on lifestyle 
modifications. For patients having CHTG, 
the main goal is to decrease cardiovascular 
risk by reducing low-density lipoprotein 
cholesterol (LDL-c) and non-high-density 
lipoprotein cholesterol (non-HDL-c) as well 
as apolipoprotein B levels (apo B). If the 
patient has dangerous HTG, the chief goal is 
to reduce the danger of pancreatitis.4 Recent 
epidemiologic and genetic studies establish TG-
rich lipoproteins (TRL) and their leftovers rich 
in cholesterol (RCL) as essential contributors 
to atherosclerotic cardiovascular disease 
(ASCVD).5,6 So novel therapies that target 

TRL and inflammation are in development to 
reduce residual ASCVD risk.7 Various methods 
for measuring residues exist; however, because 
cholesterol remnants lipoproteins (RLP-c) are 
heterogeneous populations of different sizes 
and lipid composition, a direct assay has not 
yet been developed.8

Metabolism of triglycerides and 
triglyceride-rich remnant lipoproteins

Enzymes such as diacylglycerol acyltransferase 
are responsible for TG synthesis. They originate 
in the intestine built from dietary fatty acids 
or free fatty acids (FFA) extracted from the 
circulation or are newly synthesized in the 
liver. Microsomal triglyceride transfer protein 
(MTTP) unites lipids apolipoprotein B-48 (apo 
B-48) or apo B 100 in the intestine or liver, 
respectively, forming chylomicrons (CHY) which 
enter plasma indirectly through lymphatics, 
or very-low-density lipoprotein (VLDL) that 
transport TG, respectively. Hydrolysis of 
circulating CHY or VLDL particles type one or 
two by lipoprotein lipase (LPL) releases FFA 
and produce chylomicron remnant, whose 
clearance requires apolipoprotein E (apo E), 
as apo B-48 does not have the low-density 
lipoprotein receptor-binding domain and 
VLDL-remnant lipoproteins (intermediate 
density lipoprotein, IDL), that can bind to low-
density lipoprotein receptor-related protein 1 
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(LRP-1) in the liver. In contrast, another part, 
under the action of hepatic lipase (HL), is 
transformed into LDL.

Atherobiology of rLP-c lipoproteins

RPL-c elements are partially TG-depleted post 
lipolytic particles whose cholesterol content 
is more likely to cause atherosclerosis. Just 
like LDL, RCL can invade the arterial intima.6 
Once there, fragments could even be trapped 
preferentially to LDL simply because of affinity 
to extracellular proteoglycans. In contrast to 
LDL, apo C3 and apo E-enriched remnants 
can be directly taken up by macrophages in 
their native condition, without enzymatic 
modification or specific receptors, leading to 
foam cells’ formation.9 Beyond LDL, the RLP-c 
proteins transport up to 30% of the cholesterol 
load in postprandial conditions, meaning 
more cholesterol per particle than LDL does. 
Increased production and delayed catabolism 
of TGRL lead to its increase and greater 
concentrations of RLP-c. APOC3 reduces 
VLDL and CHY lipolysis by inhibiting LPL 
and blocking TRL and RLP uptake by hepatic 
receptors. Thus, HTG results from increased 
production or decreased catabolism of CHY 
and VLDL or VLDL alone; has a direct effect 
on the composition of LDL and high-density 
lipoprotein (HDL), caused by elevated activity 
of cholesteryl ester transfer protein that shifts 

TG from CHT and VLDL to LDL and HDL, in 
exchange for cholesteryl esters.10 In a recent 
study, it is shown that apoB48-containing 
particles in subjects with HTG are released 
across the entire chylomicron-VLDL size 
range. This process persists for many hours, 
elevating their concentrations and adding to the 
circulating population of particle remainders.11

the five steps for differential 
diagnosis in clinical practice

1. Syndromic diagnosis. In 1994, the European 
Consensus12 established the initial approach 
to the patient affected by dyslipidemia. The 
division in lipid phenotypes (Table 1) allows 
elucidating the most frequent primary and 
secondary causes. However, syndromic 
judgment has no impact on cardiovascular 
prevention and may overestimate or 
underestimate treatment.

2. Family history. Screening closest relatives of 
patients with primary dyslipidemias (those 
showing cholesterol or triglycerides levels 
higher than 300mg/dL, premature coronary 
heart disease, frequent pancreatitis events, 
xanthomas, xanthelasmas, etcetera).13

3. Search for secondary causes. Environmental 
origins should be excluded. A variety of 
lifestyle factors and medical conditions 
can cause hypertriglyceridemia (Figure 1). 
Common secondary roots include obesity, 
uncontrolled diabetes, hypothyroidism, 

Table 1: Syndromic diagnosis.

Type TC TG HDL-C

Mixed hyperlipidemia > 200 > 150
Hypertriglyceridemia

Isolated < 200 > 150
Severe > 500

Hypoalphalipoporteinemia < 40
Hyperalphalipoproteinemia > 60
Hypercholesterolemia

Isolated > 200 < 150
Severe > 300

TC = total cholesterol, TG =  triglycerides, HDL-c = high-density lipoprotein-cholesterol.
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smoking, alcohol abuse, endocrinopathies, 
and various commonly used drugs (Table 2).14

4. Etiological diagnosis. Most patients enduring 
HTG do not have a recognizable genetic 
cause. Primary severe HTG has both 

monogenic and polygenic determinants. 
For example, Familial chylomicronemia 
syndrome (FCS, type 1), a rare form of 
monogenic HTG with an estimated one 
in a million prevalence. Also consider the 

Hypertriglyceridemia

Lifestyle

Endocrinophaties

Renal causes

Storage diseases

Inflammatory disease

Others

• Diet with high positive 
energy-intake balance 
and high fat or high 
glycaemic index

• Alcohol compsumption 
with > 2 and > 1 drink(s) 
per day in men and 
women, respectively

• Obesity, type 2 diabetes, 
metabolic syndrome

• Hypothyroidism
• Cushing’s syndrome, 

acromegaly
• Growth hormone 

deficiency
• NAFLD, NASH

X

X

• Systemic lupus 
erythematosis

• Rheumatoid arthritis
• Psoriasis
• Kawasaki disease

• Pregnancy

• Alcohol consumption

• Untreated 
hypothyroidism

• Lipodystrophy
• Ketoacidosis

• Chronic kidney disease
• Nephrotic syndrome
• Organ transplantation

• Glycogen storage 
diseases

• Gaucher disease
• Cystinosis
• Tay-Sachs disease
• Niemann-Pick disease

X

• Progeria werner 
syndrome, Klinnefelter 
syndrome

• Ketoacidosis

+ Primary 
cause

150-229 mg/dL 300-999 mg/dL > 1,000 mg/dL

Figure 1: Secondary causes of hypertriglyceridemia.
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Table 2: Drugs associated with high triglycerides levels. 

Hormonal •	 Oral	oestrogens	(40%)
•	 Selective	estrogen	receptor	modulators	(20%)
•	 Steroids
•	 Tamoxifen	(20%)
•	 Raloxifen	(20%)
•	 Clomiphene	(40%)
•	 Growth	hormone	therapy
•	 Androgen	deprivation	therapy	(15%)

Cardiometabolics •	 Non	cardioselective	beta	blockers	(20%)
•	 Thiazides	(15%)
•	 Diuretics	(10%)
•	 Bile	acid	sequestrants

Immunosuppressants •	 Cyclosporine	(20%)
•	 Sirolimus	(30%)
•	 Tacrolimus	(30%)
•	 Interferon	alpha	(20%)

Anti-cancer	therapeutics •	 L-asparaginase
•	 Cyclophosphamide
•	 Tyrosin-kinase	inhibitors	(20-70%)

Others •	 Retinoids	(40%)
•	 Protease	inhibitors	(100%),	ITRN	(50%),	ITRNN	(40%),	INH,	INTEG	(0%)
•	 Antidepressants	y	atypical	antipsychotics	(30%)
•	 Propofol	(20%)

Figure 2:	Primary	causes	of	hypertriglyceridemia.

Hypertriglyceridemia

150-299 mg/dL

Familial combined 
hyperlipidemia (FCHL) 1:20

300-1,000 mg/dL

Familial combined 
hyperlipidemia 1:20

Dysbetalipoproteinemia 
1:1,000-10,000

Familial hypertriglyceridemia 
(HLP type IV) 1:50

Polygenic hypertriglyceridemia 
1:30

> 1,000 mg/dL

Familial hypertriglyceridemia 
(HLP type V) 1:600

Familial chylomicronemia 
syndrome (FCS) 1:1’000,000
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detection of rare, biallelic (homozygous or 
compound heterozygous) variants in one 
of six genes: LPL (accounting for 90% of 
cases), APOC2, APOA5, LMF1, GPIHBP1, 
ANGPTL3.13 Familial HTG (gype V) highly 
oligogenic, could be a cause of critical HTG 
frequently confused with other primary 
dyslipidemias.15 A significant number of 
conditions (Figure 2) that cause mild-to-
moderate HTG ought to be excluded.

5. Assessment of cardiovascular risk. All current 
recommendations on the prevention 
of ASCVD in clinical practice endorse 
evaluating the total CVD threat. The 
Globorisk score16 in people over 40 is 
a good tool for assessing cardiovascular 
hazards in Mexican people. The 2019 ESC/
EAS guidelines establish that persons having 
documented ASCVD, diabetes type one or 
two, extreme levels of individual danger 
factors, or chronic kidney disease (CKD) 
generally have very prominent or high total 
CV peril. No risk estimation models are 
needed for such persons.2

recoMMendAtIons 
And concLusIons

The objective of the differential analysis is to 
identify dyslipidemias exhibiting atherogenic 
potential from those without it. One must always 
search for secondary causes in all scenarios.

1. High-risk primary hyperlipidemias ought 
to be treated with intensity regardless 
of the existence of other hazard factors 
(i.e., familial hypercholesterolemia and 
familial HTG).

2. Etiological diagnosis is essential to categorize 
the patient. It must systematize the scrutiny 
of dyslipidemias and promote inquiry 
studies in first-degree relatives.

3. Subclinical atherosclerosis should be sought 
in asymptomatic individuals revealing the 
most atherogenic primary dyslipidemias.
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IntroductIon

Hy p e r t r i g l y c e r i d e m i a  ( H T G )  a n d 
triglyceride-rich lipoproteins (TRL) 

such as chylomicrons or very-low-density 
lipoproteins (VLDL) have been associated with 
an increased danger of cardiovascular disease 
(CVD) and remain elevated in up to 25% of 
patients with established CVD.1-4 A severe 
elevation (> 500 mg/dL) of triglycerides (TG) 
increases the risk of pancreatitis due to the 
toxic effects of free fatty acids released by 
pancreatic lipase, requiring reduction through 
lifestyle changes and pharmacotherapy, 
in addition to correcting precipitating 
etiological factors.1

Statin medication aims to minimize low-
density cholesterol (LDL-c) and has been 
shown to improve atherosclerotic CVD 
damage. Despite this, the residual peril of 
new events persists,1,2,4 partly attributed to 
a mild to moderate HTG by several studies, 
behaving as an independent risk factor 
for CVD. However, clinical trials data for 
managing raised triglycerides taking drugs 
including fibrates, omega-3 fatty acids, and 
niacin showed no definitive evidence of 
the reduced danger of new cardiovascular 
incidents. The purpose of this review is to 
examine the role that triglycerides play in 
cardiovascular hazards and their potential drug 
administration.

treatment. The goals of this action are 
to reduce the risk of pancreatitis in sick 
individuals with severe HTG and to decrease 
CVD perils in those experiencing mild to 
moderate HTG.1,5-7

Two fundamental parameters will always 
guide the care of hypertriglyceridemia: 
the elevation level of triglycerides and the 
calculated threat of atherosclerotic disease 
at ten years.6 In patients enduring mild 
to moderate hypertriglyceridemia, LDL-c 
continues to be the primary treatment target in 
lipid diminution therapy, and secondary targets 
being non-HDL cholesterol (non-HDL-c), 
apolipoprotein B (Apo B), and finally, TG 
reduction. According to medical guidelines, it 
is always necessary to reach the recommended 
goals in the described order.1,7,8

Lifestyle changes. To begin with, secondary 
causes of TG elevation should be excluded, 
and the corrections appropriate to each case 
must be carried out.1,5-7,9-11 Once these tasks 
are accomplished, the central therapeutic 
intervention for the treatment of increased TG 
will be lifestyle modifications, for example, 
reducing overweight or obesity, decreasing 
carbohydrate intake, limiting alcohol intake, 
performing regular physical activity, and attaining 
adequate glucose control in sick individuals 
suffering type two diabetes mellitus.5,6,11 It is 
noteworthy that the most significant impact 
on HTG is achieved via weight loss and 
limiting alcohol intake. A decrease of TG up 
to 80% was reported in ill persons with alcohol 
abuse who can significantly limit alcoholic 
ingestion (Table 1).1

Pharmacological treatment. Once lifestyle 
adjustments have been attained, medications 
will be prescribed according to TG blood 
concentrations and calculated cardiovascular 
risk category.6 In Figure 1, the authors propose 
a simplified flowchart for treatment.

Vol. 32 Suppl. 3
July-September 2021

Cardiovascular and 
     Metabolic Science

doi: 10.35366/100805



s243Álvarez-López H et al. Current treatment of hypertriglyceridemia

Cardiovasc Metab Sci. 2021; 32 (s3): s242-s246 www.cardiovascularandmetabolicscience.org.mx

Indications:

1. For CVD prevention: patients with 
triglycerides of 150-499 mg/dL.
a) Low risk: lifestyle changes.
b) Intermediate risk: assessing statin use.
c) High r isk or with establ ished 

cVd: use high potency statin until 
reaching the LDL-c target. If raised TH 
concentrations persist, preferably assess 
the use of either or both icosapent 
ethyl and fibrates.

d) For the avoidance of pancreatitis: 
triglycerides > 500 mg/dL: coupled 
to lifestyle alterations, pharmacologic 
approach with fibrates, niacin, and 
omega-3 fatty acids should be initiated. 
In case the patient has cardiovascular 
disease, these drugs ought to be added 
to statin therapy.

drugs For tHe treatment oF Htg

1. statins, ezetimibe, and PcsK9 inhibitors: 
mainly decreasing C-LDL and additionally 
slightly lessening the TG concentration 
about 5-15%, but having a significant impact 
on reducing cardiovascular events.1,6

2. Fibrates, niacin, and omega-3 fatty acids: 
achieve a triglyceride reduction of 25-50%, 
but the impact on reducing cardiovascular 
incidents is still questioned (Table 2).1,6

 Fibrates: these drugs act as binders for the 
regulator of the nuclear transcription of the 
alpha receptor activated by proliferated 
peroxisome (α-PPAR), causing an increase 
in the synthesis of the enzyme lipoprotein-
lipase (LPL), which is responsible for the 
catabolism of VDLD and chylomicrons 
(molecules composed primarily of TG). 
The released free fatty acids (FFA) are the 
main fuels for every tissue except neurons 
and blood red cells. The FFA not used for 
internal combustion, mainly by the striated 
skeletal muscle, are stored in adipose tissue 
and the liver, in the form of TG (lipogenesis). 
They are metabolized by cytochrome P450 
isoenzyme 2C9 (CYP2C9) and are excreted 
via the kidneys.12

 niacin: inhibits  the synthesis  and 
esterification of fatty acids by shrinking 

TG production and also stimulating 
LPL, so increasing TG cleavage from 
chylomicrons and VLDL in a way such that 
it modifies the endogenous and exogenous 
metabolism of lipids.

 Omega-3 fatty acids: diminish serum TG by 
decreasing VLDL synthesis through various 
mechanisms, including changes in the 
n-6/n-3 ratio of fatty acids, incrementing 
β-oxidation, lowering hepatic lipogenesis, 
and increasing degradation of intracellular 
apolipoprotein B.

3. o t h e r s :  e p a n o v a ,  p e m a f i b r a t e , 
evinacumab, volanesorsen, AKSEA APO 
CIII (apolipoprotein C III), alipogene, ionis 
angptl3-Lrx.12-14

cLInIcaL eFFIcacy

statins

There is excellent scientific evidence about the 
use of statins in both primary and secondary 
prevention. This approach would need to be 
started in all patients exhibiting HTG and great 
cardiovascular danger of CVD.1-3 Therefore, 
the authors certainly need to insist, high 
potency statins will always be the first-line 
therapy in HTG to reach the goal of LDL-c, 
non-HDL-c, and Apo B.

Once the goals have been achieved, if the 
elevation of TG persists, the use of specific 
medication with fibrates, omega-3 fatty acids, 
niacin, icosapent ethyl, or biological agents in 
the research phase will be assessed.6

Table 1: Lifestyle changes  
suggested for hypertriglyceridemia.

Losing excess weight
Decrease carbohydrate intake
Decrease or avoid alcohol consumption
Increased consumption of polyunsaturated and 
monounsaturated fat
Increased consumption of omega-3 fatty acids in 
foods (fish as salmon)
Exercise
Adequate glucose control in patients with diabetes
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Fibrates and niacin. Although fibrates and 
niacin have been the traditional treatment used 
to lower TG levels in those affected by severe 
elevation and critical hazard of pancreatitis, it is 
unclear from what level management should be 
initiated in primary and secondary prevention 
and whether it would be sufficient together with 
the adoption of lifestyle changes.5,15

Although multiple studies have been 
conducted with fibrates, there is not enough 
evidence to support its use in reducing 
cardiovascular events.16 With niacin studies 
like CDP, AIM HIGH, and HPS2 THRIVE 
failing to demonstrate effectiveness in lowering 
occurrences,5,6 if a fibrate is indicated, the most 
recommended is fenofibrate.

omega-3 fatty acids. Pharmacological 
interest  in omega-3 fat ty acids such 
as  e icosapentaenoic  ac id  (EPA)  and 
docosahexaenoic acid (DHA) in the deterrence 
of CVD is due to a lower incidence of CVD 
seen in populations consuming large amounts 
of fish oil. Short-term studies have revealed 
how omega-3 fatty acids (2-4 g/day) can 
reduce TG levels.

Omega-3 EPA fatty acids (without DHA) 
improve lipid levels beyond the lessening of 
TG, and in addition diminish non-HDL-c, 
Apo B, LDL-c, and the number of atherogenic 

particles. In addition to atherogenic control, 
EPA improves inflammation, as manifested 
by a lower C-reactive protein activity and 
greater concentration of adiponectin.5,6 

Regression of the atheromatous plaque and 
improvement of endothelial dysfunction has 
also been demonstrated. However, in systematic 
reviews, none of the omega-3 fatty acids 
have been shown to decrease cardiovascular 
incidents consistently, so its use in the primary 
prevention of cardiovascular disease is not 
recommended.5 The recent STRENGTH 
study, which included 13,078 persons with 
omega-3 fatty acid supplementation in HTG 
patients, was prematurely discontinued 
because the formulation did not decrease 
major cardiovascular events in diseased 
persons at notorious cardiovascular risk.17-19 

The exception is icosapent ethyl in the 
REDUCE-IT study, which included those 
with elevated TG concentrations and a high 
cardiovascular threat or with proven CVD. Oral 
administration of four grams daily of this drug 
demonstrated a 25% reduction in CVD.20-22 
Decreased revascularizations have also become 
evident in ill people treated with this drug.4 

However, estimating a cost-benefit ratio with 
this substance is necessary to evaluate whether 
the intervention is cost-effective.6

Figure 1: 

Suggested flowchart for the treatment of patients 
with hypertriglyceridemia according to fasting 
TG concentrations and CV risk.
* CV risk calculation with https://cvquality.acc.org/clinical-toolkits/ascvd-risk-estimator

150 a 499 mg/dL

Exclude secondary causes and precipitating factors 
(hypothyroidism, nephropathy, uncontrolled diabetes, alcohol, drugs)

Initiate lifestyle changes

ASCVD < 7.4%* ASCVD  
7.5-19.9%

Established CVD 
or ASCVD > 20%

Continue lifestyle 
changes

High-powered 
statin

Consider statin
High power statin 
+ ethyl icosapent/
consider fibrates

> 500 mg/dL

Coupled with lifestyle changes initiate fibrates/or omega 3 acids 
immediately due to high risk of pancreatitis

Fibrates + high power statin in established CVD or risk > 20%

Consider referring to a 
specialist lipids

Continue lipid 
monitoring at least 
every three months
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emerging therapies: omega-3-carboxylic 
acid, pemafibrate, AKSEA, APO CIII inhibitors 
such as volanesorsen, alipogene to treat 
lipoprotein lipase deficit, ANGPTL3 inhibitor 
antibody (evinacumab), ANGPTL4 inhibitors, 
and ANGPTL8 inhibitors-1.1,13,14,23

What do dysl ipidemia treatment 
guidelines recommend? US American and 
European guidelines suggest that first-line 
therapy promotes statins in people with 
moderate to severe hypertriglyceridemia. These 
guidelines consider adding ethyl of icosapent or 
fibrates in those with TG > 500 mg/dL or high 
VLDL or chylomicrons. Contrariwise, European 
guidelines consider icosapent ethyl in TG > 135 
mg/dL despite treatment with statins in subjects 
at significant cardiovascular risk. Fibrates are not 
recommended in primary prevention.4,8,22,23

managing hypertriglyceridemia in the 
coVId-19 pandemic. Significant elevations 
of TG have been reported in sick ones treated 
with tocilizumab. No interactions of statins, 
fibrates, or omega-3 fatty acids were publicized 
in clinical trials for the therapy of COVID-19, 
so they must be continued unless there is a 
specific contraindication for administration.24

discussion and conclusions. In patients 
suffering verified CVD, a residual risk of new 
episodes persists. In the case of having a high 
TG serum concentration, it is proposed that 
once optimized, the management with statin 
and the control of LDL-c are attained. Here 

is an area of opportunity managing TRL with 
new potential remedies. The main objective 
of HTG care is to reduce cardiovascular risk 
and the onset of pancreatitis. However, to 
date, there is little evidence that the addition 
of fibrates, omega-3 fatty acids, or niacin to 
a prescription decreases said events. There is 
also no convincing evidence of lipid-reducing 
treatment diminishing the risk of pancreatitis.

The REDUCE-IT study showed that in those 
at lifted cardiovascular risk who show elevated 
triglycerides despite statin use and adequate 
levels of LDL-c, icosapent ethyl at a dose of four 
grams daily reduces cardiovascular instances, 
so its use should be considered in this type 
of patients. Several emerging therapies are 
currently under study.
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IntroductIon

Atherosclerosis is a main cause of myocardial 
infarction (MI), establishing a vicious circle 

that increases atherosclerosis and risk of more 
infarctions.1 There are many ancient descriptions 
and recent discoveries of myocardial infarction 
and coronary calcification on ancient mommies. 
One of the first findings on sudden death, 
came from the Danish sculptor’s autopsy Bertel 
Thorvaldsen in 1844, where an ulcerated 
coronary atherosclerotic plaque exposing 
subendothelial components was shown.1

T h e  c u r r e n t  k n o w l e d g e  a b o u t 
atherothrombosis  causing myocardia l 
infarction evolved through the last three 
centuries. The present chapter describes the 
atheroma events causing MI and the process 
of myocardial necrosis.

the vulnerable plaque

The atherosclerotic plaque starts very early 
in life, and later progresses towards a lesion 
which is a potential cause of ischemic heart 
syndromes: angina or equivalent, myocardial 
infarction, and sudden death. In 1858, 
Rudolf Virchow published a book containing 
his lectures in the Pathological Institute of 
Berlin. Lecture XVI described the pathology 
and histology of «fatty metamorphosis». He 
described the atheromatous process in arteries, 
as it is currently explained, stating that the 
plaque contained a fat core with muscular 
layer’s involvement, identifying fat granules 

containing cells, and evidence of inflammation. 
Virchow interprets the atheroma as a dermal 
cyst,2 similarly to an abscess contained into its 
capsule, that could eventually break.

The plaque involves several anatomic, 
histological, mechanical, and chemical 
properties that interact with other environmental 
factors that include several physical forces. The 
plaque becomes vulnerable when it is prone 
to rupture and causing thrombosis.3 However, 
a significant proportion (40%) of complicated 
plaques do not provoke thrombosis,4 and 
half of them do not cause severe stenosis. 
The vulnerability is expressed when the cover 
atheromatous cap is less than 65 µm –the thin 
fibrous cap–,5 there is loss of smooth muscle 
cells, increased components of extracellular 
matrix, inflammatory infiltrate, high-volume 
necrotic core, intra-plaque hemorrhage, 
calcification, and numerous vasa vasora.6,7

Rupture or erosion may be the main 
vulnerable plaque complication. The first 
one consists of the loss of continuity of an 
area of the fibrous cap covering a large 
necrotic core plaque, macrophage and 
lymphocytic infiltration, and thrombi. The 
ruptured plaque is a major cause for sudden 
death in men under 50 and women over 50 
years old, with a significant correlation with 
high total cholesterol/HDL-cholesterol ratio and 
major thrombosis particularly in smokers.8,9 
Nonetheless, the ruptured plaque is not always 
associated with sudden death. Farb et al., found 
proteoglycan and smooth muscle cell-enrich 
plaques denuded from the endothelium, 
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without rupture, in 44% of autopsy specimens, 
with several differences between ruptured 
and eroded plaques. The latter were more 
frequent in younger subjects and women, 
originating less stenosis, with less macrophages 
and T cells infiltration, more frequent smooth 
muscle cells clusters adjacent to thrombi, and 
less expression of human leukocyte antigen-DR 
isotype (HLA-DR).5

In both rupture and erosion, the presence of 
macrophages, T cells, and HLA-DR antigens on 
these cells and on adjacent smooth myocytes 
is consistent with the concept of inflammation, 
destabilizing the fibrous cap and enhancing the 
risk of coronary thrombosis.4

On the other hand, almost half of cases 
of sudden death result from plaque’s erosion 
characterized by endothelium absence with 
exposure of smooth muscle and proteoglycans, 
less necrotic core and inflammatory cells than 
ruptured plaques. This event is more frequent 
in 50 years old or younger men and women. 
Plaque rupture and erosion may coexist in a 
single event.10

Calcified nodules may complicate plaques 
causing disruption and thrombosis. These 
complications may result from the action of 
torsion forces and mechanical lesion of the 
plaque by the hard calcified nodule, especially 
in the mid-segment of the right coronary 
artery.11 Interestingly, approximately one-fourth 
of sudden death cases may show intact plaques, 
but significant stenosis and myocardial scars 
from old infarctions. Other cases present plaque 
fissuring with hemorrhage and fibrin inside the 
necrotic core. These fissures possibly result from 
vasa vasora rupture and are possible precursors 
of ruptures. Fissures may be incidental findings in 
non-cardiovascular deaths.11 The complicated 
plaque sometimes heals when new synthesis of 
type-III collagen cover the disrupted fibrous, 
with a matrix composed of proteoglycan-enrich 
mass or collagen-enrich scar. These healed 
events may contribute towards more lumen 
occlusive plaques.12

Another significant component for plaque’s 
vulnerability is the vasa vasorum developed 
from the adventitia, which is a stem cell 
reservoir. The vessel wall injury stimulates 
angiogenesis and immature vessels penetrate 
the plaque favoring plaque growth and 

hemorrhage. The vasa vasora may be the 
conduit of inflammatory cells arriving into the 
plaque, and the initial factor for instability.13,14

Inflammation is involved in atherogenesis, 
atheroma development, and partly responsible 
for plaque complications. The phagocytes, 
mainly macrophages, produce proteolytic 
enzymes, particularly collagenases, members 
of the matrix metalloproteinases family, that 
could damage the biomechanical stability of 
the fibrous plaque.15

Several substances activate focal and global 
inflammation and may constitute clinical 
markers for major cardiovascular events 
prediction and prognosis. The C-reactive protein 
is the current dominant marker. It participates 
in plaque formation, stimulates monocytes 
and macrophages to synthesize interleukins 
6 and 1β, tumor necrosis factor-α, vascular 
cell adhesion molecule 1, and intercellular 
adhesion molecule 1, and opsonizes the low-
density lipoprotein, favoring macrophage’s 
uptake. Other inflammation related substances 
present are pregnancy associated plasma 
protein, soluble P-selectin.16

Inflammation may involve infections and 
immunity, increasing local thermal activity, 
energy production uncoupling, exothermic 
chemical reactions, blood friction over the 
wall, turbulent flow, blood viscosity and red 
cell aggregation.

Oxidized low-density lipoprotein and 
lipoprotein (a) not only produce plaque 
growth but induce more inflammation, 
necroptosis, thrombosis, cholesterol delivery 
to atheroma, and smooth muscle cell 
proliferation and together with the formation 
of cholesterol crystals may damage the plaque 
from inside, establishing a continuous event 
that weakens the plaque’s fibrous cap and 
extracellular matrix.17

The plaque stability or instability relate to 
external mechanical and hydraulic forces

1. The Laplace’s stress, which is directly 
proportional to the vessel’s ratio and the 
blood pressure and indirectly proportional 
to the wall thickness, is higher in the 
plaque edges because of the major ratio 
and thinner wall.
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2. Shear, which is the blood’s force over the 
vessel wall as it flows over it.

3. The turbulent flow that causes areas 
with less shear and continuous particle 
interaction with the wall.

4. The torsion of the vessel during the 
heart movement.

Unstable plaque presence can be associated 
with acute coronary syndromes, although 
controversy exists due to the coexistence of 
unstable and stable plaques and because the 
relationship of either one to specific events 
is not linear.18

Several diagnostic tools, aimed to visualize 
the anatomical aspects of the atherosclerotic 
plaque in vivo, such as the optical coherence 
tomography (OCT) obtained during cardiac 
catheterization have been recently developed. 
This imaging tool can distinguish the coronary 
arteries’ layers with high resolution, well beyond 
the intravascular ultrasound. The sensitivity and 
specificity may reach over 90% for detecting 
fibrous plaque, fibroatheroma, and fibrocalcific 
plaque. It may detect very small processes such 
as microthrombi, erosion, ulcers, macrophage 
aggregates, calcific nodules, lipid core, thin cap, 
vasa vasora, microdissections, and intra-plaque 
hemorrhage.19 Some examples of images 
obtained in our catheterization laboratory show 
some of the aspects described above (Figure 1).

Apart from the vulnerable plaque, we 
must consider the relevant role of blood in the 
process. The thrombogenic blood status can be 
established by the presence of several markers 
of hypercoagulability (fibrinogen, D-dimer, 
factor V Leiden), increased platelet aggregation, 
increased coagulation factors, decreased 
anticoagulation factors, decreased endogenous 
fibrinolysis, prothrombin mutation, increased 
viscosity, and transient hypercoagulability.

The possibility of an acute coronary 
syndrome and its magnitude is also related 
to factors beyond the vulnerable plaque and 
blood, yielding to the concept of the vulnerable 
patient and vulnerable myocardium. This 
includes metabolic syndrome, inflammation, 
gut microbiome, smoking, diet, physical 
activity, psychosocial stress, and socioeconomic 
status. The vulnerable myocardium includes 
sympathetic activity, autonomic reactivity, 

hypertrophy, cardiomyopathy, valvulopathy, 
commotio cordis, anomalous coronary 
origin, myocarditis, myocardial bridging, and 
electrophysiological disorders.20,21

thrombosIs

Virchow, in 1848, coined the terms thrombosis 
and embolus that meant the same as today. In 
the same year, he described the triad of vascular 
lumen irregularity, damaged blood flow, and 
increased coagulability. Virchow’s work in the 
vascular area was continued and crowned by 
his remarkable student Julius Cohnheim who 
injected wax emboli into the frog’s tongue and 
demonstrated the lesions that a hundred years 
later would be called ischemic necrosis and 
hemorrhagic infarction.2

The coronary thrombosis is finally a 
continuum of the complicated plaque. Either 
rupture or erosion, going from microthrombi to 
complete thrombotic occlusion, related to the 
same plaque, blood, and patient’s risk factors. 
It is a major cause of death in developed and 
developing countries.22

The endothelial layer is composed by 
a unique cell type compatible with blood 
without causing coagulation activation. 
When the endothelium loses its integrity, 
subendothelial components contact circulating 
platelets that activate and aggregate them, later 
releasing serotonin, adenosine diphosphate, 
thromboxane A2, endothelin, and other 
vasoconstrictors.

The subendothelial matrix releases tissue 
factor and activates the extrinsic coagulation 
cascade leading to fibrin accumulation, thrombus 
formation, acute occlusion, interruption of 
blood flow, and further ischemic complications. 
The thrombus composition includes platelets 
conglomerates, erythrocytes, vasoconstrictors, 
thrombin, and other procoagulants in a net of 
two different fibrin fibers, thin and thick; the 
first ones resistant to mechanical forces and 
fibrinolysis.23

O t h e r  f a c t  t h a t  p a r t i c i p a t e s  i n 
atherosclerotic-related processes is the ectopic 
fat (visceral, intrahepatic, pericardial, and 
perivascular) since it causes direct lipotoxicity, 
local and systemic pro-inflammatory effects, 
dysregulating cytokines and adipokines, finally 
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causing inflammation, endothelial dysfunction, 
atherogenesis progression, and pro-thrombotic 
milieu. The thrombus formation results from 
the interaction of blood cells, complement, 
myeloid cell tissue factor, and coagulation 
proteases.24 The early detection of risk factors, 
including ectopic fat and inflammation markers, 
raises the possibility for opportune secondary 
prevention.25,26

Interestingly, if thrombosis develops, 
the color of the thrombus, white or red, is 
important not only for the histological (more 
fibrin and fewer cells in the white) differences 
but several features that finally give the latter a 
better prognosis and response to treatment. The 
white thrombus is smaller than the red, occurs 
in smaller vessels, and associates with smaller 
thrombus burden, lower creatine kinase-MB 
and troponin, higher post-procedural TIMI-3 
flow and blush grade, and lower ischemic time. 
One-third of myocardial infarctions display 
white thrombi.27 The OCT detects very small 

thrombi and can differentiate white from red. 
The white one is low-backscattering projections 
within the lumen, and the red is a high-
backscattering mass protruding into the artery 
lumen, with signal-free shadowing (Figure 2).28

myocardIal InfarctIon 
and sudden death

Unfortunately, the myocardial infarction and 
sudden death are dramatic events present in 
history for thousands of years, from the Ebers 
papyrus, dating more than three thousand 
years, the sudden death of Horemkenesi, priest 
of Ammon, and the Hippocratic descriptions. 
Later, da Vinci’s first necropsy performance 
after a coronary death in 1506, Lancisi’s book 
«De subitaneis mortibus», Dr. John Hunter’s 
sudden death 1793, and the case of the sculptor 
Bertel Thorvaldsen, already described above.2

Irreversible myocardial injury takes place 
after more than 20 minutes from coronary 

Figure 1: A) Shows endothelial denudation, microdissection, microthrombi, and macrophage aggregates. B) Shows an ulcer and microthrombi. 
C) Shows a typical thin cap fibroatheroma with a large lipid core and macrophage aggregates. D) Shows vasa vasorum with a dissection. E) 
Shows a ruptured plaque from the vasa vasorum. F) Shows mixed plaque containing a large necrotic core and a calcific nodule. The carina 
between the left anterior descendent coronary (LAD) and the first diagonal (D1) branch is free from atheroma.
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occlusion. The lesion size depends on the 
occlusion characteristics, the extent of collateral 
circulation, myocardial preconditioning , 
and reperfusion.

During the first day of the non-reperfused 
infarction, early signs of coagulation necrosis 
start, with sarcoplasmic hypereosinophilia and 
initial nuclei chromatin condensation, followed 
by neutrophil infiltration in the ischemic 
edges and complete coagulation necrosis with 
sarcomere elongation. During the first week, 
the infarction center reveals loss of myocyte 
nuclei and striations with later inflammatory 
cellular infiltrations that decline giving place to 
granulation, neocapillarity, and appearance of 
lymphocytes and plasma cells. After two weeks, 
there is a prominent fibroblast activity, removing 
necrotic myocytes, and healing process with 
collagen production and angiogenesis leading 
to a chronic scar after one to two months.

If reperfusion was possible, a different 
histological behavior is present, with in-infarction 
hemorrhage in the first four to six hours, 
followed by neutrophil infiltration and necrosis 
interdigitation with normal myocardium. The 
next five days show macrophages, stromal cells, 
neutrophil debris, and fibroblasts. After one 
week, the tissue shows collagen deposition, 

macrophages containing ingested myocytes, 
lymphocytes, and angiogenesis, for a complete 
heal after two to three weeks.29

The topography of the infarction is 
frequently regional along with the distribution 
of the occluded coronary artery, but the early 
reperfusion can interrupt the wave front of 
necrosis, limiting the irreversible damage 
to the subendocardium. The presence of 
collaterals can cause a less defined section 
of infarction. Hypotension on the multivessel 
coronary disease can cause a circumferential 
infarction usually involving the entire 
subendocardium (be aware of rapid blood 
pressure reduction in the hypertensive patient). 
Other topographic localizations include 
regional subendocardial and diffuse multifocal 
infarctions. The myocardial infarction may 
complicate with pulmonary edema causing a 
20-40% 30-day death rate. Heart rupture is 
rare after reperfusion, but it can involve left 
ventricle free-wall, interventricular septum, and 
papillary muscle.30

Other anatomical complications are left 
ventricular aneurysms and pseudoaneurysms, 
mitral valve insufficiency, and pericarditis.31

conclusIons

This chapter stresses the importance of the 
knowledge of the process that finally leads 
to myocardial infarction. Understanding the 
characteristics of the unstable plaque interaction 
with hydraulic and mechanic forces and other 
susceptibility factors in the blood, the patient, 
and the myocardium should contribute towards 
a more efficient diagnosis and treatment.

The present  approach a l lows for 
distinguishing patients prone to myocardial 
infarction, using non-invasive and invasive 
diagnostic tools, favoring more effective 
secondary prevention.
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IntroductIon

Coronary artery disease (CAD) represents 
an important cause of morbidity and 

mortality worldwide.1 Noninvasive cardiac 
imaging studies (NICIS) are fundamental for 
appraisal. Choosing a cardiac imaging test 
demands knowledge and understanding of 
diagnostic and prognostic accuracy, advantages 
and drawbacks. Establishing presence of CAD 
will determine the implementation of measures 
to avoid an acute coronary event as well as 
secondary prevention. In the event that CAD 
is ruled out, will allow reinforcing adherence 
to primary prevention.2

Patients are referred to a NICIS due to the 
presence of different both; typical and atypical 
symptoms. There is no enough evidence 
in open population demonstrating that a 
test is significantly better than any other for 
CAD diagnosis. Appropriate criteria, pretest 
probability, availability, accessibility, center 
expertise and cost, will facilitate clinicians´ 
decision for the use of a specific imaging 
modality.2 For the purpose of this section, only 
stress echocardiography (SE) and computed 
tomography will be considered.

StreSS echocardIography

Background. Due to its versatility, technological 
advances in acquiring images, echo borders 
enhancement agents, lack of radiation and 
diagnostic accuracy, SE has become a reliable 

tool in CAD diagnosis and stratification. It is 
also indicated in preoperative risk assessment, 
evaluation of exertional dyspnea, after 
revascularization and for ischemia localization. 
It is an operator-dependent technique and a 
high level of training is needed to adequately 
perform and interpret results.3

technical principles. The detection of 
wall motion abnormalities (WMA) is the core 
of SE. For didactic purposes, it is considered 
that WMA appear before symptoms and 
electrocardiographic (EKG) changes, and 
after perfusion abnormalities.4 The protocol 
consists in acquiring base, low dose, peak dose 
and recovery phases images in four-screen 
setup. Either exercise (treadmill or bicycle) or 
pharmacologically (dobutamine or dipyridamole) 
SE can be used, the target heart rate will be at 
least 85% of the age-predicted heart rate. 
Eventually, atropine and/or handgrip strength 
can be used to enhance chronotropic response.

The left ventricle is divided in 17 segments. 
Basal wall motion is compared with intermediate 
and mainly with peak stress. Rationale of this 
test is inducing a chronotropic and inotropic 
response to induce myocardial ischemia. 
Normal segments will present hypercontractile 
responses while ischemic segments will become 
hypo-contractile. A necrotic segment has 
dysfunction at rest and remains fixed during 
stress. A hypokinetic segment may show either 
improvement during stress indicating a stunned 
myocardium or improve during early stress 
and later deterioration with peak stimulation 
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(biphasic response) suggesting viability and 
ischemia. During the test, EKG, blood pressure, 
oxygen saturation and symptoms are monitored. 
Indications for stopping SE protocol are presence 
of new or worsening of WMA, significant rhythm 
abnormalities, hypertensive response, significant 
hypotension and intolerable symptoms.5

diagnostic accuracy and prognostic 
information. Accuracy of SE refers to detection 
of coronary artery disease and myocardial 
viability. Different stressors such as exercise (ES), 
dobutamine (DBS) and dipyridamole (DYS), 
have similar accuracies and sensitivities for 
CAD and results will be related to percentage of 
coronary stenosis. The more stenotic and greater 
number of affected coronary arteries, the more 
probability to provoke wall motion abnormalities. 
In general, sensitivity and specificity for ES, DBS 
and DYS are 85% and 77%, 80% and 86%, and 
78% and 91%, respectively. On the other hand, 
a normal SE has been associated with a good 
prognosis with an event rate for cardiac events 
less than 1% per year. In terms of myocardial 
viability detection, DBS is widely used for 
assessing contractile reserve.5

advantages and disadvantages

Due to its versatility, echocardiography represents 
the first imaging technique to approach 
different clinical scenarios. SE maintains these 
advantages: availability, accessibility, portability, 
reproducibility, low cost, no radiation, border 
enhancement agents, rational time protocol 
and immediate results. Main disadvantages are 
related with both; patient (poor acoustic window 
due to thinness, obesity, thorax over distention in 
some pulmonary diseases and exercise capacity) 
and operator (level of expertise, left ventricle 
foreshortening).

highlights

SE is a reliable NICIS for risk stratification and 
diagnosis of CAD.

Normal wall motion does not rule out 
significant CAD.

Abnormal wall motion could be secondary 
to ischemic or non-ischemic origin.

Negative SE in a high probability pretest 
patient could be associated to circumflex 

disease, two non-significant vessel disease or 
small vessel disease.

concluSIonS

SE remains as a robust NICIS, either with 
exercise or with a pharmacological agent, 
allowing the assessment and stratification 
of patients with diagnosed or suspected 
CAD. Also, can be used to detect functional 
viable myocardium.

computed tomography

Background. There are mainly two different 
types of atherosclerotic coronary artery disease 
(CAD) that can cause acute coronary syndromes 
(ACS), the obstructive CAD (OCAD) and 
non-obstructive CAD (NObCAD). OCAD is 
traditionally clinically recognized by causing 
a ST-segment elevation during myocardial 
infarction, by sensitive biomarkers, by high-
grade coronary stenosis in coronary computed 
tomography angiography (CCTA), and by 
the luminography of the invasive coronary 
angiography (ICA). However, the identification 
of NObCAD remains challenging if we study 
the patients only with «standard imaging 
modalities» and criteria. It is imperative to 
learn how to recognize the NObCAD since it 
contributes to the burden of atherosclerosis. 
In some groups, such as young women, it 
represents the majority of cases of ACS. 
NObCAD causes ACS with significantly lower 
cardiovascular risk at baseline in those patients, 
typically categorized as low-risk patients, and 
a subsequently lower likelihood of death or 
MACE. However, they are still at high risk for 
cardiovascular mortality and morbidity based 
on their underdiagnoses and undertreatment.6

Some of these cases are currently included 
as MINOCA or INOCA syndromes, which 
include several pathophysiological entities 
beyond the scope of this text.

technical principles. The non-invasive 
evaluation of OCAD and NObCAD relies upon 
the decision to investigate anatomy vs function. 
If we decide to investigate CAD functionally, 
we have to use techniques that look for 
myocardial perfusion or function at stress, 
such as echocardiography, nuclear –SPECT 
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and PET– computed tomography perfusion, 
and cardiovascular magnetic resonance. If we 
opt to investigate CAD anatomically, we have 
to look inside the vessels; the more common, 
widely available, and reproducible method for 
that purpose is CCTA.

CCTA is performed in a multidetector 
CT scanner with the possibility of at least 64 
slices. A lower number of detectors is feasible, 
but the image quality and the amount and 
type of artifacts refrain from widely used and 
recommended. The main requirements of this 
study from the technical point of view are; 
1) the intravenous access, it is crucial to have 
good access to allow a high pressure of a rapid 
bolus of a considerable amount of viscous 
iodine contrast media, 2) heart rate control, 
around 60 bpm, in scanners with a higher 
number of detectors this requirement is less 
crucial and even could not be necessary, 3) 

good patient cooperation with breath-holding 
during images acquisition.

The presence of arrhythmias and some 
intravascular-intracardiac devices limits the 
acquisition, produces several artifacts and 
reduces image quality; however, it is challenging 
but feasible in experienced hands.7

Radiation dose is important however, we 
cannot see it, and some personnel is not aware 
of the risks of the radiation to the patients. 
We should scan patients having the ALARA 
principle8 (as low as reasonably achievable) 
in mind. Specific data about radiation dose 
reduction protocols used worldwide and the 
information from Latin America is shown in 
detail in the PROTECTION VI study.9

diagnostic accuracy and prognostic 
information for OCAD (Figure 1A), in the 
real world, as demonstrated by the PICTURE 
study, without the bias of patients with a high 

A
Obstructive  

plaque
Non-obstructive  
low-risk plaque

Figure 1: A) The left panel shows high-grade stenosis of the proximal LAD, with stable characteristics such as intense focal calcification, 
absence of significant positive remodeling, progressive reduction of the lumen, absence of areas of plaque rupture, and napkin ring sign. The 
right panel shows two different types of non-obstructive plaques. B) Shows two orthogonal MPR projections of the proximal LAD. The superior 
image shows the non-obstructive non-calcified plaque. The lower image shows its positive remodeling (a dashed thin line highlighted the border 
of the «normal» arterial wall, and the small vertical line marked with the arrow indicates the volume of the non-calcified plaque that expands 
outwards from the external wall of the artery, representing the positive remodeling. C-E) Shows thin axial MPR of the artery with a non-
obstructive plaque and different high-risk features. C) Shows a plaque that has the napkin ring sing (marked with the tiny asterisk). D) Shows a 
plaque that significant positive remodeling marked with the slim perpendicular line above the lumen (circle). E) Shows a low-attenuation plaque 
of 40 HU delineated and marked with the arrow.
LAD = left descending coronary artery; MPR = multiplanar reconstruction; HU = Hounsfield.
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prevalence of the disease, in a prevalence 
of 52% with a stenosis ≥ 50% by ICA, CCTA 
has a sensitivity of 92%, and a specificity of 
87%. If the stenosis is defined as ≥ 70% by 
ICA, CCTA has a sensitivity of 93% and a 
specificity of 89%.10 The main strength of 
CCTA is its negative predictive value of 99%, 
as shown in the ACCURACY trial,11 giving the 
ability to discard with confidence and with no 
additional risk to the patient for future events 
after an episode of chest pain even from the 
Emergency Department.12

NObCAD (Figure 1B) remains challenging 
since those are the type of lesions that could 
produce an ACS without being rule out by 
myocardial perfusion studies and by calling 
«non-significant» lesions in the CCTA. However, 
some key features of those lesions have an 
excellent prognostic value by being associated 
with the future development of ACS.13,14 Those 
features allow to call an atherosclerotic lesion 
a high-risk plaque and are the equivalent of 
the histological characteristics of a vulnerable 
plaque, such as the «napkin ring sing» (Figure 
1C) that is defined as the presence of a ring of 
high attenuation around certain coronary artery 
plaques; and attenuation of the ring presenting 
higher than those of the adjacent plaque and 
no > 130 Hounsfield units.15 This sign has a 
specificity of 97%, a negative predictive value 
for future ACS of 99%, and a hazard ratio of 
5.55. Therefore, it has significant prognostic 
importance for ACS. It is independent of other 
CCTA features such as positive remodeling 
(Figure 1D) and low-attenuation plaque (Figure 
1E), which has a hazard ratio of 5.25 and 3.75, 
respectively; even higher than the presence of 
an obstructive plaque that has a hazard ratio of 
1.62.14 This information gives us a clue if we do 
not identify OCAD and the suspicion remains 
high for ischemic heart disease, the possibility 
is the presence of one or more features of 
NObCAD as a surrogate of the presence of an 
unstable, vulnerable atherosclerotic plaque.

advantages and disadvantages

The main benefits of CCTA are the ability to 
evaluate the coronary anatomy non-invasively, 
its high negative predictive value,15 and the 
possibility to identify high-risk plaques with 

certainty. The main disadvantages are its low 
positive predictive value, the prompts to further 
test if the clinical suspicion remains high, and the 
absence of functional information15 if following 
the ALARA principle’s current recommendations.

highlights

CAD, obstruct ive, or non-obstructive 
can cause ACS.

There are currently imaging modalities 
that a l low non-invasively the proper 
identification of each one.

CCTA implies radiation and should be 
considered when order one to a patient, 
balancing the benefit to the risk, and using the 
ALARA principle at all times.

concluSIonS

CCTA should be part of the diagnostic algorithm 
for patients with dyslipidemia, in intermedia 
risk16 and with chest pain, using the ALARA 
principle in the setting of stable ischemic heart 
disease and also in the Emergency Department, 
always taking advantage of its main strength, the 
negative predictive value to rule out obstructive 
lesions, and the characterization of vulnerable, 
non-obstructive plaques.
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IntroductIon

Atherosclerotic disease is the main cause 
of coronary obstruction, and its fearsome 

consequences: myocardial ischemia and 
infarction (MI). Significant atherosclerotic 
obstructions of the coronary lumen frequently 
produce a reduction of coronary blood flow, 
one of the main pathophysiologic determinants 
of ischemia.1,2 The most available techniques 
to evaluating functional ischemia by nuclear 
cardiology procedures includes myocardial 
perfusion imaging (MPI) with single-photon 
emission computed tomography (SPECT), and 
positron emission tomography (PET). Both are 
effective and accurate non-invasive methods, 
useful not only as a diagnostic tool, but also 
to establish risk stratification, allowing the 
appropriate therapeutic decisions, regarding 
the need of revascularization in patients with 
coronary artery disease (CAD). According to 
the 2019 European Society of Cardiology (ESC) 
Guidelines for the diagnosis and management 
of chronic coronary syndromes,3 it is advisable 
to perform a noninvasive cardiovascular 
imaging diagnosis functional test, with ischemic 
induction, in symptomatic patients with an 
intermediate likelihood of disease (> 15-
85%), in whom obstructive CAD cannot be 
excluded by clinical assessment alone, and 
when computed tomography angiography 
(CTA) has shown coronary lesions of uncertain 

functional significance or when this latter test 
is not diagnostic according to the available 
expert specialists.

Gated-SInGle-photon emISSIon 
computed tomoGraphy (Gated-Spect)

diagnosis of cad. Gated-SPECT (Tc99m 
Sestamibi or tetrofosmin and Thallium-201 
radiotracers), is useful in the assessment of 
physiological significance of anatomical coronary 
stenosis. In the presence of a significant coronary 
stenosis (≥ 50%), the sensitivity and specificity of 
rest/stress (stress provoked with physical exercise, 
drugs or both, combined) analyzed by SPECT 
MPI (radiation exposure 8-10 mSv with Tc and 
10-12 mSv Tl-201) are 87-89% and 73-75%, with 
a high normalcy rate of 91%, which signals it as a 
good diagnostic test. Recently, novel technologies 
with new cardiac-dedicated ultrafast SPECT 
gamma cameras for MPI have been developed. 
The special technology with Cadmium-Zinc-
Telluride (CZT) detectors have greatly improved 
MPI diagnosis and prognosis, enhancing imaging 
resolution, and decreasing time of imaging 
acquisition, and/or radiation exposure (5-6 mSv). 
Sensitivity, specificity, and diagnostic accuracy of 
MPI for detection of significant and functional 
CAD are 92.8, 69.2, and 81.4%.4-6

Gated-Spect prognos t i c  va lue . 
Simultaneous acquisition of data for the 
evaluation of left ventricular function (LVF), 
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allows estimation of left ventricular volumes 
(left ventricular end systolic volume: LVESV, 
left ventricular end diastolic volume: LVEDV), 
left ventricular ejection fraction (LVEF), the 
assessment of the left ventricular wall movement, 
and wall thickness. In MPI, the size, severity, and 
reversibility of the defect implies the extent of 
risk, or the «total ischemic burden».7 Evaluation 
of MPI is done following the recommendation 
of the American Society of Nuclear Cardiology 
(ASNC) SPECT Imaging Guidelines,8 using a 
semi-quantitative evaluation of 17 anatomical 
segments9 (Figure 1). ASNC SPECT Imaging 
Guidelines,8 recommend the classification of the 
perfusion defect severity as mild, moderate, or 
severe, and the extension as small, medium, or 
large. Also, perfusion can be classified according 
to the behavior of the images in rest and effort 
as following: 1) «fixed or nonreversible defects», 
refers to defects that do not change between 
stress and rest images 2) «reversible defects», on 
the contrary, are more severe and/or extensive 
perfusion defects on stress imaging compared to 
rest images. ASNC SPECT Imaging Guidelines,8 
also suggests classifying the severity of perfusion 
defect with a semi-quantitative evaluation, using 
a 0-4 score according to radiotracer uptake 
as normal (100% uptake), mild (10 to < 25% 
reduction in counts), moderate (25 to < 50% 
reduction), severe (≥ 50% reduction) or absent 
uptake. In the same way and according to the 
involvement of the LV mass, perfusion defects 

extension can be classified as a small, medium, 
or large defects, if respectively involves < 10, 10 
to 20%, and ≥ 20% of the LV mass. Quantitative 
scores can be obtained, comparing the score 
between rest and stress in the polar maps, and 
can be classified in summed stress score (SSS) 
that results of the sum of the stress scores in 
all the 21 segments, summed rest score (SRS) 
the sum of the resting scores, and the summed 
difference score (SDS), which corresponds to 
the result of the difference obtained from the 
SSS and SRS (SDS = SSS-SRS). This SDS equals 
or corresponds to the measure of reversibility 
(inducible ischemia) and have shown to have 
a high prognostic value. Another parameter is 
transient cavity dilation (TID), that describes a 
modification if the of left ventricle (LV) cavity 
size, that increases on post-stress images, and it 
is considered abnormal with a value above 1.2. 
This abnormal value traduces sub-endo-cardial 
hypo-perfusion and it is associated with greater 
ischemic burden and severe and/or multivessel 
CAD. Lung uptake of thallium-201 in post-
stress images, indicates the use of lung-heart 
ratio (LHR) as a prognostic indicator (> 0.55).8 
Bajaj et al. have stated that a higher pulmonary 
capillary wedge pressure (due to elevated LV 
end diastolic pressure) can lead to a slower 
pulmonary transit of the radioisotope and 
increases its extraction by pulmonary tissues. 
The increase of LHR represents an important 
marker of underlying diastolic dysfunction 

Figure 1: 

Evaluation of MPI by a 
semiquantitative evaluation 
of 17 anatomical segments.
MPI = myocardial 
perfusion imaging. 
Modified from: Hansen CL et al.9
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Figure 2: High risk Tc Sestamibi rest/stress Gated-SPECT. Rest image shows an extensive and moderate perfusion 
defect (white arrows) in the entire inferolateral wall, stress image shows moderate to severe reversibility (red arrows), 
equivalent to a non-transmural inferolateral infarction with moderate to severe ischemia.
SSS = summed stress score, SRS = summed rest score, SDS = summed differential score, TPD = total perfusion defect, TDV = total 
diastolic volume, TSV = total systolic volume, LVEF = left ventricular ejection fraction. Contribution from Nuclear Medicine 
Department, National Medical Center «20 de Noviembre», ISSSTE, Mexico City.
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and severe CAD.10 Quantitative perfusion and 
LVF evaluation, results in some independent 
prognostic variables associated with a high risk 
of mayor adverse cardiovascular events (MACE) 
rate. A normal Gated-SPECT MPI has an annual 
MACE (non-fatal myocardial infarction or cardiac 
death) < 1%; in the other side, a high risk MPI 
is accompanied by a high MACE rate (≥ 5%). 
The burden of ischemia guides revascularization 
treatment decisions. Those patients with an 
evidence of greater extension of ischemia (> 10-
12.5%), benefit from an early revascularization, 
compared with those with mild degrees of 
ischemia who benefit better from medical 
therapy10 (Figure 2).

poSItron emISSIon tomoGraphy (pet)

diagnostic and prognostic value of Stress 
mpI with Gated-pet. PET allows quantification 
of in vivo physiological processes of the heart. 
The principal characteristic of PET is its higher 
spatial resolution and the ability to correct scatter 
and soft-tissue attenuation. Also, non-invasive 

PET imaging technique as it has better image 
quality and higher interpretive accuracy, has 
greater sensitivity and specificity for detection 
of obstructive CAD than SPECT. The sensitivity 
of PET is around of 94-98% with a specificity 
of 80-89%, and an overall diagnosis accuracy 
of 92-100% to CAD detection.4,5 Rest/stress 
PET with vasodilator (adenosine), exposes 
patients to significantly lower radiation dose 
(2.5-3 mSv) due to the nature of the radiotracers 
used, characterized by high energy and a very 
short half-life. The most common tracers used 
for evaluation of ischemia are Rubidium-82 
(82Rb; T½ 75 sec) and Nitrogen-13-Ammonia 
(13 NH3; T½ 10 min). Simultaneous evaluation 
of coronary anatomy can be done adding 
computed tomography (CT) through hybrid 
equipment (Hybrid PET/CT), which improves 
the positive predictive value (PPV) and negative 
predictive value (NPV) of PET/CT (90 and 96% 
respectively) at the cost of higher exposure 
radiation dose (12-14 mSv).11  ECG-gated PET 
(simultaneously evaluating LVF) can be done 
in real time at rest and during peak stress (in a 
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different way to post-stress imaging with gated-
SPECT).The evaluation of risk stratification and 
functional reserve are similar. Normally, LVEF 
increases from baseline (rest) to peak stress. This 
increment is named LVEF reserve or contractile 
reserve. When CAD is present, inversely changes 
in LVEF exist (decrease from rest to stress), and 
it is related to the magnitude of stress perfusion 
abnormalities (ischemic myocardium at risk), 
severity, and extension of CAD. Decreases 
of LVEF during peak stress comparing with 
rest, (≤ 5%), even in the absence of apparent 
perfusion abnormalities, reveals the existence of 
three-vessel disease or left main CAD. In patients 
with non-significant CAD obstructions or with 
1-vessel disease, LVEF shows a normal contractile 
reserve with an increase of LVEF ≥ 5%. The 
NPV of an increase in the difference of LVEF 
from rest to peak stress with values ≥ 5%, to 
exclude the presence 3-vessel disease or left 
main CAD, is 97%. Gated-PET adds prognostic 

value related to a major extent and severity of 
perfusion defects in stress imaging (ischemia), 
that are associated with increasing frequency 
(≥ 7%) of MACE. In another way, with normal 
stress imaging, MACE incidence is only about 
0.4%. Therefore, mortality is inversely related to 
LVEF. PET myocardial perfusion imaging added 
incremental value to LVEF (at any LVEF level, 
the presence of a higher summed stress score 
means greater risk) and in an oppositive way, 
LVEF added incremental value to myocardial 
perfusion imaging (at any summed stress score, 
a lower LVEF represent greater risk). PET/CT 
complements the anatomic information (CAD 
stenoses) by providing the physiologic (ischemic 
burden) implications11-13 (Figure 3).

Quantification of pet myocardial blood 
flow. PET allows the non-invasive, absolute, 
and dynamic global and regional quantification 
of myocardial blood flow (MBF) at rest (MBFR) 
and peak stress (MBFS), From these data, 

Figure 3: High risk Ammonia rest/stress Gated-PET. Rest mage with normal perfusion; stress image shows extensive 
moderate reversibility (red arrows) at inferolateral and inferoseptal localization in apical, mild and basal segments, 
equivalent to moderate ischemia. Gated images demonstrate a fall in stress LVEF > 5% (6%). MBF quantification are 
decreased in all coronary territories and total CFR is < 2.0 mL/g/min.
SSS = summed stress score, SRS = summed rest score, SDS = summed differential score, TDV = total diastolic volume, 
TSV = total systolic volume, LVEF = left ventricular ejection fraction, MBF = myocardial blood flow, CFR = coronary flow reserve. 
Contribution from PET-CT Unit, Medicine/Faculty, National Autonomous University of Mexico, Mexico City.

PET Ammonia stress perfusion
Extention  14%
TDP          12%

Gated Ammonia Stress
TDV          80 mL
TSV          28 mL
LVEF        65%

PET Ammonia rest perfusion
Extention    2%
TDP            4%

Gated Ammonia rest
TDV          70 mL
TSV          21 mL
LVEF        69%

	 Srt	flow	 Rst	flow	 CFR

LAD 0.71 0.46 1.57
LCX 0.75 0.51 1.50
RCA 0.60 0.44 1.39
TOT 0.70 0.47 1.50
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myocardial flow reserve (MFR) can be assessed 
(MFR = MBFS/MBFR), expressed in mL/min/g of 
myocardium. Blood flow quantification reflects 
the heart’s ability to regulate coronary blood 
flow to the different areas of the myocardium, 
to reach metabolic demands, modifying the 
vascular tone in epicardial and small vessels. 
When severe multivessel CAD exist, the inability 
to increase flow during stress in all anatomic 
territories, results in a diffuse (balanced) or 
apparent normal myocardial perfusion, that 
could be accompanied with a reduction of global 
MBF during stress and a diminishing of MFR. A 
severe reduction of stress MBF (< 1.5 mL/g/min) 
and MFR (< 1.5) is associated with a higher risk 
of MACE, while a normal or preserved MFR with 
a value of ≥ 2.0, is associated with an excellent 
prognosis and better outcomes. MBF and MFR 
might be reduced in ischemic patients (epicardial 
disease), and in other special populations with 
endothelial dysfunction and microvascular 
disease, for example, women, patients with 
hypertrophic cardiomyopathy, diabetes, chronic 
kidney disease, and obesity. In the follow-up 
of heart transplant, these variables can signal 
the existence of cardiac allograft vasculopathy, 
characterized by intimal hyperplasia rather than 
CAD. In all this conditions PET MBF provides an 
additional incremental diagnostic and prognostic 
value14,15 (Figure 3).

concluSIonS

Nuclear MPI with SPECT and PET, are effective 
and accurate non-invasive tools useful in 
both diagnosis and risk stratification, guiding 
therapeutic decisions in patients with proved 
or suspected atherosclerotic CAD. PET is 
nowadays considered the gold standard 
technique for non-invasive assessment of MBF.  
MBF quantification, allows a better assessment 
of MPI to detect significant epicardial CAD and 
it is very useful in the evaluation of coronary 
microvascular endothelial dysfunction, in both 
ischemic and non-ischemic cardiomyopathies.
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himself through brachial dissection and later 
through percutaneous femoral approach by 
Melvin Judkins.1 From then on, important 
breakthroughs in the methodology, mainly the 
radial artery approach, and the technological 
advances in guidewire and high flow catheters, 
as well as digital imaging techniques have made 
the coronary angiography one of the most used 
clinical methods in ischemic heart disease. 
This procedure is safe, very well tolerated and 
it usually takes between 20 to 40 minutes to 
be done. In brief, using local anesthesia, a 
vascular catheter is inserted through the radial 
or femoral artery employing a percutaneous 
technique and a 2 mm vascular introducer. 
With preformed catheters coronary arteries 
can be easily engaged and images are obtained 
using a contrast agent. Patients could be 
sedated, if necessary, pre-treated with heparin 
50-100 U/kg and intracoronary nitroglycerin 
as needed. Images of both coronary arteries 
in different angles are recorded in a digital 
radiographic system. At the end of the 
procedure or intervention, the catheters and 
introducers are removed, and external arterial 
compression is applied, preferably with 
pneumatic compressors. Cardiac complications 
in a diagnostic procedure are infrequent and 
they occur in less than 1% of all cases, including 
acute myocardial infarction, unscheduled 
revascularization, stroke, coronary dissection, 

The cardiac catheter was… the key in the lock.
André F. Cournand

1956 Lecture Nobel Prize for Medicine

IntroductIon

Coronary angiography is understood as 
the visualization of the coronary arteries 

through the injection of a radiopaque contrast 
material and recorded in radiographic images 
in digital form. This technique is now the most 
reliable way to identify coronary anatomy and 
pathology for therapeutic decision making in 
patients with myocardial ischemia. Over the 
next chapter we shall review the most important 
aspects about its indications and clinical 
applications in diagnosis and therapeutics for 
coronary heart disease.

the procedure

The pioneering studies in cardiac catheterization 
by Forssmann, Cournand, and Richards, 
earned them the Nobel Prize in Physiology or 
Medicine in 1956. A few years later, Mason 
Sones performed an aortography by injection 
in which the catheter accidentally slipped 
into the right coronary artery, thus giving the 
first direct angiographic image of a coronary 
artery in a live patient. The technique was 
then methodically developed by Sones 
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pericardial effusion or even death (0.01%).2 
Major hemorrhage occurs, including subjects 
undergoing coronary intervention, in 1.3% of 
patients with a radial approach and 2.5% with 
a femoral one.3 The patient usually remains 
under hospital surveillance until the next day, 
but in low-risk patients without complications 
from the procedure, an «outpatient» protocol 
with early discharge within 24 hours may be 
considered. It is concluded that diagnostic 
coronary angiography is a safe and well-
tolerated procedure with a very low incidence 
of complications and short hospital stay.

AngIogrAphIc evAluAtIon of 
coronAry AtherosclerosIs

The images obtained of the coronary arteries 
by angiography only show the vascular lumen, 
seen in a two-plane projection. This allows 
the cardiologist to assess and measure the 
magnitude of the coronary lesions according 
to the degree of stenosis of the vascular 
lumen in relation to the «healthy» reference 
segments (Figure 1A).

Therefore, it is not possible to visualize the 
arterial wall, the degree of vascular remodeling, 
and the characteristics and volume of the 
plaque. Furthermore, it is necessary to obtain 
images in complementary projections to 
visually «reconstruct» the lesions when these 
are asymmetrical or eccentric. A stenosis is 
considered «significant» when it is > 50% of 
the visible diameter or if it obstructs > 75% of 
the vascular lumen area. Greater obstructions 
above these percentages have shown a 
reduction of the distal and reserve flow, as 
well as a high clinical correlation and with 
non-invasive ischemia stimulation studies.4 
The direct subjective assessment of the 
occlusion magnitude will depend on the 
characteristics of the lesion, the quality of 
the radiographic images, angulation or the 
presence of secondary vessel branches or 
bifurcation. All this factors explain that a great 
intra and inter-observer variations could exist. 
The use of quantitative coronary angiography 
or coronary intravascular ultrasound may be 
necessary for a more precise characterization 
and evaluation of the plaque, especially in 
borderline, complex or difficult to assess 

lesions (Figure 1B). Even more, it would be 
ideal whenever possible, the use of functional 
tests such as the measurement of the pressure 
differences across a coronary artery stenosis 
through the «fractional flow reserve» (or FFR) 
with or without pharmacological therapy to 
evaluate the significance of the obstruction. 
This has proven not only to be a better form of 
identification of the repercussion of coronary 
stenosis, but also may establish therapeutic 
indication and prognosis in a more precise 
way. The cost and time of the procedure, 
however, has made its use infrequent in 
routine practice.

In addition to the magnitude and degree 
of stenosis, the coronary angiography allows 
to establish various aspects of the morphology 
and complexity of the plaques. The length of 
the lesion, its relationship with other vessel 
branches, eccentricity, ulceration, areas of 
calcification, dissection or thrombus, should 
always be considered. In case of total occlusion, 
it is important to evaluate the degree of distal 
flow or perfusion, as well as the presence 
of collateral circulation. For each of these 
variables there are numerous classifications 
that extend beyond the scope of this review. 
Finally, it is important to establish the location 
and extension of the disease and the identified 
lesions, for which it is not only useful the correct 
knowledge of the anatomy but the use of the 
international nomenclature and definition 
of the different segments of the coronary 
tree.4 With the information of morphology, 
complexity and extension, the risk for every 
case may be established using different risk 
scores for decision-making. One of the most 
used risk calculators is the SYNTAX score; that 
has been thoroughly validated, is easy to do 
at the website (www.syntaxscore.com), and it 
may estimate the risk of clinical events and the 
prognosis with the different revascularization 
treatment alternatives.5

coronAry IntrAvAsculAr 
ultrAsound (Ivus)

As mentioned, the main limitation of coronary 
angiography is that the images only depict the 
vascular lumen, creating a «luminogram». The 
IVUS permits the direct visualization from the 
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interior of the vessel, enabling a circumferential 
analysis of the vascular wall. The procedure 
is done using a guiding catheter for coronary 
angioplasty and a 0.014” coronary guide wire. 
A special catheter containing the miniaturized 
ultrasound transducer of < 1 mm is then 
advanced to the distal segment of the coronary 
artery and a slow pullback is done, usually by 
a mechanical retraction system at a rate of 0.5 
mm/s. The images obtained with transducers 
of 40 to 60 MHz, allow a full vision of the 
vascular wall at high resolution (Figure 1C). 
The procedure lasts an additional 10 to 15 
minutes, and it may be performed as many 
times as necessary in a single intervention. 
The complications are quite uncommon with 
experienced hands, being coronary vasospasm 
the most frequent (1%). The information 
gathered represents a considerable segment 
of the entire length of the coronary vessel 

and it reveals the extension, magnitude, 
and characteristics of the disease with great 
detail, being important in the decision-making 
process. The measurement at the reference 
segments, and at the level of stenosis called 
«minimal luminal area» shows the severity of 
the lesion, being less than 4.0 mm2 a significant 
obstruction in non-left-main lesions. The 
length, volume, plaque characteristics, areas of 
dissection, vulnerable plaques or calcifications 
can be seen with great detail and may prove to 
be important in the decision-making process. In 
case of a percutaneous coronary intervention 
with a stent, it enables a better selection of 
the material and a better outcome through 
the optimal placement, attachment and post-
dilation that decreases the complications of 
thrombosis and restenosis in the medium 
or long-term follow up. Undoubtedly, it is a 
great advance in the assessment of ischemic 

Figure 1: 

Images of atherosclerotic plaques 
through invasive procedures: A) 
Angiography of a critical lesion 

of the right coronary artery 
(arrow). B) Quantitative coronary 

angiography of a borderline 
lesion in the proximal left anterior 

descending coronary artery with 
measurements. C) Intravascular 
ultrasound showing a significant 

obstructive stable plaque. D) 
Optic coherence tomography after 

placement of a coronary stent.

A B

C D

mm2

6.61

2.73

MLD  1.54 mm
Stenosis length  8.48 mm
Reference D.  2.62 mm

Area 1
Area: 20.3 mm2

Min. diam.: 4.8 mm
Max. diam: 5.3 mm

Difference
14.9 mm2 (73.3%)

Area 2
Area: 5.4 mm2

Min. diam.: 2.2 mm
Max. diam: 3.1 mm
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heart disease, and it let to make better 
therapeutic decisions.6

optIcAl coherence 
tomogrAphy (oct)

This novel imaging technique generates 
tomographic images from almost-infrared 
light produced by a rotational optic fiber. 
The images have a significantly higher 
resolution (10-20 µm) but less penetration. The 
technique to perform the procedure is similar 
to the one described for the intravascular 
ultrasound. The difference is that in order to 
avoid the interference of the red blood cells, 
it becomes necessary the administration of 
a contrast agent, synchronized with a rapid 
automated retraction system that obtains and 
reconstructs the images in seconds. It is ideal 
for visualizing the intimal layer, dissection 
areas and vulnerable plaques. The adequate 
placement and attachment of stents may be 
clearly seen even in longitudinal and even 
tridimensional reconstruction (Figure 1D). 
Although it is less used than IVUS, both 
techniques are useful and complementary.6

IndIcAtIons of coronAry 
AngIogrAphy

The indication for invasive coronary angiography 
will essentially depend on the patient’s clinical 
status. In all cases the goal is to establish the 
diagnosis, prognosis, and the type of treatment 

with or without coronary revascularization. 
We may distinguish three types of indications: 
acute coronary syndromes, chronic coronary 
syndromes or as a routine procedure for direct 
diagnosis (Table 1).

Acute coronAry syndromes

This may be the clearest indication for an 
invasive coronary angiography. The proven 
benefit of arterial reperfusion therapy in this 
clinical condition and the importance of 
timing have been deemed essential in the 
treatment of coronary syndromes. In case of 
a ST-segment elevation myocardial infarction 
the early coronary angiography, whether in 
the context of primary angioplasty or following 
fibrinolysis, have a clear recommendation in 
international guidelines (class I, level A). The 
procedure should also be done between 12 to 
24 hours if the patient remains symptomatic, 
clinically unstable or with signs of important 
residual ischemia (class I, level C).7 In patients 
with very high-risk non-ST-segment elevation 
myocardial infarction, immediate (within 2 
hours) coronary angiography with an invasive 
strategy is suggested, or within 24 h in patients 
with high risk, including ST-segment depression 
or dynamic EKG changes, cardiac biomarkers, 
signs of ischemia or with any other high-risk 
clinical variables (GRACE score > 140).8 After 
this period of time, the decision will depend on 
the clinical condition, evolution and the level 
of induced ischemia.

Table 1: Indications for invasive coronary angiography.

ACS-STEMI Angiography and primary angioplasty are recommended over fibrinolysis in patients with < 12 hours of onset of 
symptoms or in > 12 hours, after fibrinolysis, if symptoms persist, or there are hemodynamic instability or severe 
arrhythmias

ACS-NSTEMI Urgent angiography (< 2 h) is indicated in very high-risk patients. Within 24 hours at high risk: persistent angina, 
ECG changes or enzyme elevation. In 12-48 h if symptoms persist, or there are severe ischemia or LV dysfunction

CCS Persistence of symptoms after optimal medical treatment. Severe ischemia unveiled with non-invasive studies, or 
inconclusive results with a high probability of the disease. Significant high-risk lesions on coronary CT angiography

Direct Before high-risk heart surgery, or organ transplantation. Prior to surgery for aneurysm or aortic dissection. 
Hypertrophic cardiomyopathy with angina or Kawasaki disease with documented coronary aneurysms

Indications for invasive coronary angiography: ACS-STEMI = ST segment elevation acute coronary syndrome; ACS-NSTEMI = non-ST segment 
elevation acute coronary syndrome; CCS = chronic coronary syndrome; EKG = electrocardiogram; LV = left ventricular.7-9
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chronIc IschemIc heArt dIseAse 
(chronIc coronAry syndrome)

It is this condition the one with greater 
difficulty for clinical decision-making within 
the diagnostic algorithm of ischemic heart 
disease (Figure 2).

In high or very high-risk patients, whether 
because of symptom persistence (severe, 
progressive, or refractory angina) or severe 
ischemia with high-risk markers put in evidence 
through non-invasive tests, it becomes clear 
that an invasive coronary angiography with 
eventual subsequent revascularization is the 
step to follow. With low-risk or low probability 
of coronary atherosclerosis patients, the 
recommended diagnostic study is a non-
invasive CT coronary angiogram. However, if 
extensive or critical proximal high-risk disease 
is documented with this diagnostic study, 
the patient must be referred for an invasive 
coronary angiography. The same applies 
to patients with documented ventricular 
dysfunction and a history or suspicion of 
chronic ischemic heart disease where invasive 
coronary angiography is indicated because of 
the probability of high-risk lesions, and the 
benefit of revascularization in most of these 
cases.9 The more difficult decision lies in the 

intermediate-risk group, in which it is necessary 
to consider not just the risk profile but the co-
morbidities, characteristics of the symptoms, 
the grade and extension of ischemia in each 
case, and of course the patient’s preference. 
The ischemia trial compared conservative 
treatment with optimal medical management 
versus an initial invasive strategy in 5,179 
patients with chronic ischemic heart disease, 
without finding significant differences in the 
occurrence of major clinical events in both 
study groups after three years of follow-up.10 
This demonstrates the efficacy of an adequate 
medical treatment and it shows that an invasive 
strategy, either with angioplasty or surgery, 
must be reserved for those patients that remain 
symptomatic or that exhibit severe ischemia 
or high-risk coronary stenosis with a poor 
prognosis. Finally, it may become necessary to 
perform and invasive coronary angiography if 
the symptoms or the non-invasive studies are 
inconclusive and if the clinical conditions of the 
patient suggest the likelihood of coronary artery 
disease or possible benefit of revascularization. 
Certainly, in the absence of symptoms, without 
significant documented ischemia or the 
absence of obstructive lesions by non-invasive 
angio-tomography, there is no indication to 
perform an invasive coronary angiography.

Figure 2: Diagnostic pathways in patients with suspected coronary artery disease. Solid black arrows show the 
preferred decision algorithm, and alterative personalized options in gray arrows.

Patients with suspected coronary artery disease

High clinical risk or 
persistence or progression 

of symptoms

Non-invasive tests with 
high-risk ischemia, or 
ventricular dysfunction 

of ischemic origin

Non-invasive coronary 
angio-tomography with 

significant high-risk lesions

Invasive coronary angiography
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dIrect dIAgnostIc study

Some critical clinical conditions may indicate 
a direct coronary angiography as a routine 
procedure. Some of them are the preoperative 
evaluation before cardiac surgery in heart valve 
disease, before cardiac or organ transplantation, 
patients with proximal aortic disease with 
dissection or aneurysm subject to surgery, 
hypertrophic cardiomyopathy with persistent 
angina or asymptomatic Kawasaki disease with 
documentation of coronary aneurysms. In some 
countries, certain labor regulatory conditions 
in high-risk jobs, may indicate an invasive 
procedure but in this instance CT non-invasive 
coronary angiography has become the first line 
diagnostic study.

perspectIve And conclusIons

Under the Hippocratic precept primum-non-
nocere or first, do no harm, any clinical study, 
especially if it is invasive, must have a clear 
indication and a prognostic and therapeutic 
objective. The technological advances are 
surprising; they have resulted in the ability 
to see the coronary anatomy rapidly, and 
directly, with great accuracy and precision. 
The great progress with non-invasive studies, 
especially CT angiogram, has also yielded 
impressive results, is necessary to consider 
the best alternative for each case. It should 
be emphasized that cardiac catheterization 
and invasive angiography entail high costs, 
potential complications and may lead to 
specific therapeutic decisions. Therefore, 
the indication must be substantiated by risk 
determinants that put the need for subsequent 
revascularization in the therapeutic scenario, 
counting with the empowerment of the 
patient to participate in this decision. For 
interventional cardiologists, few moments 
are as intense and as satisfying as being in the 
cardiac catheterization laboratory. They will 
give what they were to be in the catheterization 
room every day, but at the same time will do 
everything possible to ensure that patients who 

do not require an invasive study were in the 
same room. If the catheter was «the key in the 
lock», let us use it wisely.
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IntroductIon

Cardiovascular (CV) disease is one of the 
greatest health problems of our century. 

These diseases appear in a good proportion 
of patients with clearly defined risk factors. 
Adequate control of one of them: dyslipidemias, 
has a considerable impact on the possibility of 
a major cardiovascular event occurring. For 
this, within health systems, both patients and 
physicians face a series of obstacles to achieve 
adequate care on an ongoing basis.

the Importance of a strIct control 
of lIpId concentratIons

For a strict control of lipid concentrations, both 
physicians and patients need to become aware 
of what is being prevented. On one hand, 
physician must have the clinical sensitivity to 
do so, overcoming daily problems in care in 
public and private health services. It has been 
observed that both physicians and patients pay 
little attention to attain a perfect lipid control. 
The causes are diverse, and within them, some 
are attributable to practitioners, and other to 
patients themselves or to the health care system. 
Sometimes a physician does not intensify the 
treatment or does not pay attention to a perfect 
lipid control due to ignorance or to the lack of 
updated knowledge, that justify the relevance 
of a perfect lipid control, or because the 
professional underestimates the problem.1 The 

saturated consultation of many physicians and 
the lack of knowledge about what to prevent, 
tend to create an ambience of conformism 
about the patient´s health. Additionally, some 
physicians do not believe in the long-term 
positive impact of lipid control, and they pay 
little attention in caring, «trusting» that no 
major CV event will occur. On the other hand, 
many patients may abandon or reduce the 
vigilance in this matter, either due to the cost of 
treatment or because of the misconception that 
establishes that medications must be taken only 
when there are symptoms. On many occasions, 
after the physician prescribes a treatment, 
the patient decides not to take it, or to halve 
the dose, breaking up treatment compliance. 
When for some reason the treatment is not 
intensified or monitored, the phenomenon 
has been called clinical inertia.1 The causes for 
which clinical inertia occurs are summarized 
in Figure 1. Several studies have shown that 
close monitoring of patients provides favorable 
long-term results. An example is the MIRVAS 
study, which encompassed 247 patients that 
were randomized into two groups, one with 
programmed visits at 2, 5, 12, 24 and 36 
months. These visits were aimed to monitor the 
strict control of risk factors, including lipid serum 
concentrations and to advise about a healthy 
lifestyle. In the other group of 126 patients, 
these ones have a single appointment a year, 
delegating in themselves the responsibility of 
their own treatment. This situation occurs 
usually in many health systems. The intervention 
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group had a higher survival rate compared to 
the other group (3-year survival rate 97.4 vs 
85.5%, p = 0.003). The intervention group 
results demonstrate that the comprehensive 
and intensive control of CV risk factors reduces 
the absolute risk of CV morbidity by 28.5% and 
total mortality by 11.9%.2 This simple study 
shows the importance of forming a group of 
health professionals who have the necessary 
preparation to detect severe pathological 
scenarios in dyslipidemia, with defined study 
protocols and precise therapeutic surveillance. 
Hence the need to have a continuous patients 
care system, going from hospital attention of 
severe clinical conditions to primary care.3

BarrIers In the ImplementatIon 
of a contInuous care system

There are certain barriers that prevent patients 
from receiving continuous and effective treatment, 
not only at the time of diagnosis but also 

throughout surveillance for the rest of their life, 
which in certain conditions, includes their family 
study. The following factors that affect continuity 
of care are described:

1. a fragmented health system: on many 
occasions, hospital care, where specialists 
are present to attend acute complications 
of CV diseases, do not have communication 
with primary care physicians. The hospital 
specialists can adopt two behaviors. On one 
hand, when faced with an interesting case, 
they may stay close to the patient to carry out 
studies considered pertinent They establish 
a treatment, and perhaps publish the case. 
Finally, the patient is discharged and sent to 
primary care, with indications to continue 
the treatment, but without a monitoring 
protocol, counseling, or contra-referral to 
evaluate progress or adherence to treatment. 
In another scenario, the specialists treat the 
CV event, discharges the patient, and send 
him to primary care, giving instructions be 
studied from other clinical entities that may 
affect the CV risk. On the other hand, the 
primary care physician may not establish 
close surveillance for the case, either due 
to ignoring the objectives pursued, or due 
to saturation of the care system, worsening 
the risk that the patient may have in the mid-
term future.4 Likewise, on several occasions 
and especially in family dyslipidemias, 
the study does not cover other members 
of the family, which also affect prognosis 
of such patients. In this situation, a link 
between the two care systems is a priority, 
to define criteria for referral, evaluations and 
monitoring of patients.

2. therapeutic goals are not shared: often 
the therapeutic goal in both care systems 
is not shared due to lack of effective 
communication. On one hand, hospital care 
acts independently without considering the 
primary care system that will give continuity 
and surveillance to the case. On the other 
hand, primary care physicians have several 
limitations to control the case and does not 
share therapeutic objectives or diagnostic 
and surveillance strategies with hospital care. 
Nor does it share the disrupt of other diseases 
that may generate a transcendent impact in 

Table 1: Barriers to implementing a 
continuous assistance system.

Fragmented health care system
Lack of communication on therapeutic objectives between the two systems
Different therapeutic criteria between the two systems
Difficulty in the use of high-cost drugs

Figure 1: Causes of clinical inertia in treatment.
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the clinical and lipid evolution of the patient.
3. the commons criteria of treatment are 

lost: the need to reduce and control CV 
risk factors, requires adequate diagnosis 
and treatment for different conditions in 
dyslipidemias. Treatment criteria become 
complicated when involves the use of 
high-cost drugs. The justification for its 
use, the risk of not being able to sustain 
the treatment or its abandonment, make 
the situation more difficult. In these cases, 
the treatment tends to be «replaced» by 
others with less efficacy in each case, losing 
the therapeutic objective and the goal in 
controlling the CV risk factor. Table 1 lists the 
factors or barriers that prevent continued 
care in patients with dyslipidemia.

the contInuous assIstance

To establish continuity in patient care, a clear 
definition of the functions of both systems 
must be ensured: hospital and primary care. 
This implies that the diagnostic and treatment 
strategies are shared by the two care levels in 
such a way that both pursue the same study 
and management objectives. A confronted 
care system, poorly communicated and 
without shared objectives, advances or 
evolutions; leaves patients in a therapeutic 
vacuum that puts them in risk. For this, it would 
be useful to set up a Cardiovascular Risk Unit 
to serve as a link between Primary Care and 
specialized Hospital Care. In some countries, 
these units are made up of cardiologists, 
endocrinologists, and specialists in internal 
medicine, conforming a multidisciplinary 
health group that study, modify, adjust 
and establish a link with both systems of 
care. The proposal of such units has the 
following advantages:

1. Control and monitor the evolution of patients, 
establishing frequent appointments, whose 
objective is to achieve therapeutic goals. 
The attainment of that these goals have a 
beneficial impact on the patient’s prognosis, 
then awakening and reinforcing the interest 
of patients to achieve these goals. Above all, 
the physician-patient bond is strengthened.

2. Serving as a link between primary and 
hospital care, in such way that both 
systems are informed about the evolution, 
prognosis, and the reach of therapeutic 

Table 2: Objectives of a Cardiovascular Risk Unit.

Unified and multidisciplinary consultation
Decisions in clinical sessions
Constant and updated communication on clinical practice guidelines with the primary care system
Virtual consultations and tutorials with PC in the management of patients with elevated CVR
Serves as a link between the two systems
Promotes reasoned prescribing of high-cost medicines
Criteria for referral to hospital care and discharge to primary care

PC = primary care, CVR = cardiovascular risk.

Table 3: Dyslipidemias warranting referral to a Cardiovascular 
Risk Unit with High Specialty Hospital Counseling.

Referral criteria

Dyslipidemia Values (mg/dL)

Hypercholesterolemia CT > 300
cLDL > 200
Lp(a) > 117

Hypertriglyceridemia TG on an empty stomach > 1,000
TG > 500 mg/dL with Tx
TG and CT > 350

cHDL cHDL < 20
cHDL > 100
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goals. In that form, both systems are aware 
of the patient.

3. Controlling the indication of high-cost 
drugs, becomes reasonable the economic 
burden on the system. Their prescription 
is done following precise established 
guides and goals. The justification of the 
use of these costly treatments and their 
temporality should be promoted within the 
system in order to get physicianto prescribe 
them reasonably.

4. Establishing criteria for specialized hospital 
admission and control criteria in primary 
care. This relieves pressure on saturated 
healthcare systems.

Table 2 establishes the objectives of a 
Cardiovascular Risk Unit.

crIterIa for referral and dIscharge 
of a cardIovascular rIsk unIt

Although the criteria can be defined in the 
dynamics of each particular health system, it 
is important to mention that those severe and 
complex dyslipidemias commonly associated 
to adverse outcomes, merit closer monitoring 
and a well-defined study protocol. In general, in 
familial dyslipidemias, characterized by having 
very high total cholesterol, LDL or triglyceride 
concentrations, as well as patients with a family 
history of severe dyslipidemias or cardiovascular 
death at early ages, would be candidates 
for study and referral to these units. In these 

clinical presentations, the possibility of genetic 
and family studies, or the use of high-cost 
drugs, justify an adequate study and a precise 
therapeutic definition.

Table 3 shows the dyslipidemias that would 
warrant referral to a cardiovascular risk unit with 
highly specialized hospital counseling.5

The criteria for discharge from a CV risk unit 
are patients with secondary dyslipidemias and 
in those whose clinical-pathological condition 
allows periodic surveillance with an acceptable 
risk of control in primary care. It should be 
noted that the proposal includes the notion that 
the patients is not finally discharged, but sent to 
primary care, to continue the accompaniment 
and surveillance their clinical conditions.

Table 4 shows the criteria for discharge from 
a Cardiovascular Risk Unit in the lipid scenario.

conclusIons

Strategies must be focused on improving the 
prognosis and survival of the patient. Medical and 
health management strategies must be designed 
for this purpose. Updating and overcoming 
administrative barriers are part of main objectives 
in patient care. The creation of CV risk units is 
one of the proposals to achieve these goals and 
improve the patient’s life prognosis.
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Table 4: Criteria for discharge from a 
Cardiovascular Risk Unit to Primary Care.

Hypercholesterolemia Secondary hypercholesterolemia
Polygenic hypercholesterolemia

Hipertriglyceridemia Mixed hyperlipidemias after strict 
cardiovascular evaluation
Secondary hypertriglyceridemias

cHDL After controlled cardiovascular evaluation
Primary prevention Controlled non-genetic forms
Secondary prevention Controlled non-genetic forms with stable 

cardiovascular evaluation
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that of the entire universe of patients with HBP, 
only half of them is aware that are hypertensive, 
only half of these informed patients receive 
antihypertensive treatment, while among those 
treated, only half are controlled.6 This rule is a 
measure of the health authority’s efficacy, the 
medical community’s attitude and knowledge, 
and the general society information level. In 
time, in the most advanced countries this rule 
had been changed, increasing the number 
of awareness, treatment and control rates. 
This has not happened in Mexico. Different 
governmental and independent studies have 
shown dissimilar total control rates (the 
proportion of all hypertensive universe that are 
controlled, not only the control rate of treated 
patients), varying from 5% to 20%.7-9

HBP is a condition that has serious health 
repercussions, damaging the arterial vessels and 
the parenchyma of organs of vital importance 
as the brain, eye, heart, and kidney. In patients 
aged 40-89 years, starting from blood pressure 
figures of 115/70, every 20 mmHg increase 
of systolic pressure or 10 mmHg of diastolic 
pressure doubles the mortality risk due to 
ischemic heart disease or stroke.10,11

National Health and Nutrition Survey in 
the last four lustra have shown that in Mexico, 
HBP ranks high among the nine most common 
causes of death, to the point that in 2015 
was responsible of 18.1% of the preventable 
deaths.12 A form of estimating the burden of 
a particular disease in a nation or subnational 
region is the calculation of DALYs (disability-
adjusted life years), an indicator which unites 
premature mortality with disability. HBP in our 
country ranks fifth place among the risk factors 
responsible for the national disease burden.13

Cardiovascular diseases (CVD) are the 
leading cause of death, both in Mexico 

and in the rest of the world. Cardiovascular 
(CV) risk factors are not only etiopathogenic 
agents of CVD, but also, their presence 
worsens their outcomes, including mortality. 
High blood pressure (HBP) is one of the main 
leading cardiovascular (CV) risk factors next 
to dyslipidemia, diabetes mellitus, obesity, 
smoking, and physical inactivity.

The main objectives of this text are 
to discuss the relationship between HBP 
and dyslipidemia, and their pathogenic 
mechanisms, which increase the underlying 
vascular damage in the development of CVD. 
Also, some epidemiologic aspects of CVD in 
Mexico will be discussed, to better understand 
the proper way to get control of the disease and 
how the combination of both pathologies, HBP 
and dyslipidemia, increment their potential 
damage due to the addition of multiple 
pathophysiologic mechanisms.

HBP is one of the leading CV risk factors in 
Mexico, as the national surveys on health and 
nutrition, organized by the Mexican Federal 
Secretary of Health and the National Institute 
of Public Health have revealed.1,2 After HBP, 
diabetes, tobacco smoking, and dyslipidemias 
are the most relevant risk factors.3 The rate 
increases as the population ages.

I n  M e x i c o  t h e  u n d e r r e p o r t i n g , 
undertreatment and poor cipher control 
of HBP are of great concern, explaining in 
part the steady increase of atherosclerotic 
cardiovascular diseases (ASCVD) in our country. 
Ischemic heart disease was the leading cause of 
general mortality and stroke, the sixth, in 2019.4 
The so called «rule of the halves»5 establishes 
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Different sources (national surveys carried 
out in 2000, 2006 and 2012 and academic 
independent studies)1,7-9,14 confirm that 
depending on the characteristics of the sample 
and the blood pressure measure technique, 
prevalence of hypertension varies from 25 to 
32%.1-3,7-9,12 Although from 2000 to 2006, 
there was a slight increase in HBP prevalence, 
from the latter year to now, HBP prevalence has 
remained stable. We do not consider the findings 
of the so-called Half-way National Health and 
Nutrition Survey,2 because the technique to 
measure blood pressure was changed. According 
to various studies, HBP rises with age, until 
more than half of people over 70 years of age 
are hypertensive. Most Mexican hypertension 
investigators agree that men are more affected 
than women in younger ages. But upon reaching 
the menopause, prevalence tends to be similar in 
both genders, and in older age groups, there are 
more hypertensive women, probably because 
more men have already died.

Moreover, dyslipidemia is another risk factor 
of great importance in Mexican population. The 
2006 National Health and Nutrition Survey 
(ENSANUT 2006) showed that in the Mexican 
population aged 20 to 69 years, the prevalence 
of several types of lipid abnormalities was 
as follows. Total cholesterol (TC) ≥ 200 
mg/dL, was 43.6%. Hypertriglyceridemia 
(triglycerides [TG] ≥ 150 mg/dL) was found 
in 31.5% of participants, while prevalence of 
hypoalphalipoproteinemia (HDL-c < 40 mg/dL) 
was 60%, and that of combined dyslipidemia 
(TC ≥ 200 mg/dL plus TG ≥ 150 mg/dL) was 
18.2%.15 Hypertriglyceridemia was found 
more elevated in the RENATHA study:16 which 
showed a prevalence between 25-65% in 
diverse states of the republic, with a national 
mean value about 50%, while the Lindavista 
study9 found 62% of hypoalphalipoproteinemia 
in the cohort, and hypertriglyceridemia in half 
the women and nearly two-thirds of the male 
respondents. This lipid combination is probably 
the consequence of abnormal Amerindian 
genes plus a recent drastic change in eating 
habits, and lack of physical exercise. For those 
reasons, our population is prone to abdominal 
obesity, the so-called «metabolic syndrome» 
(dysmetabolic obesity), dysglycemia, diabetes, 
and atherogenic dyslipidemia.

The combination of HBP and dyslipidemia 
increases four times the risk of CVD, as was 
demonstrated by Yusuf’s INTERHEART study.17 
This combination of risk factors is frequently 
found in Mexican population, concerningly 
associated to obesity and diabetes mellitus. In 
the FRIMEX study8 of 140,017 persons, it was 
demonstrated that to a higher total cholesterol 
value, corresponded a greater prevalence of 
HBP (19.9% when TC was < 200 mg/dL, 27,8% 
with TC between 200-239 mg/dL, and up to 
33% when TC was ≥ 240 mg/dL).

T h e  r e l a t i o n s h i p  b e t w e e n  H B P 
and dyslipidemia is signaled by several 
pathophysiological mechanisms including, 
but not limited to endothelial dysfunction, 
oxidation, inflammation, and the role of the 
renin-angiotensin-aldosterone system (RAAS), 
among other processes, all of them having 
a paramount participation in the genesis 
of both risk factors and their vascular and 
organ consequences.

A healthy endothelium should respond 
to increased pressure, to shear, and to 
perpendicular stress, producing vasodilating 
substances. A healthy endothelium must 
maintain the equilibrium between the 
vasodilating substances nitric oxide, prostacyclin, 
bradykinin, and acetylcholine, among others; 
and the vasoconstrictor substances, like 
angiotensin II, endothelin, thromboxane A2, 
and others. Risk factors such as HBP and 
dyslipidemia potentiate each other, altering the 
normal endothelium function. 

In this context, the RAAS plays a primary 
role in this homeostatic equilibrium when it is 
overexpressed. Angiotensin II has been named 
the proinflammatory «honorary cytokine» 
causing through various mechanisms endothelial 
dysfunction, decreasing nitric oxide availability, 
increasing PAI-1 production, promoting 
platelet aggregation, causing vasoconstriction, 
and producing overactivity of the membrane 
NADPH oxidase, one of the main producers 
of reactive oxygen species (ROS). Among 
the consequences of the increase of ROS are 
the start-up of the nitroxidation cascade, the 
increment of low-density lipoprotein (LDL-c) 
peroxidation and damage to all biomolecules 
These processes disrupt vascular permeability, 
generate more infiltration of leukocytes, and 
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activate transcription factors like the nuclear 
factor-kappa B (NF-κB), which is also activated 
by angiotensin II. NF-κB18,19 is a crucial promoter 
of a variety of cellular responses, including tissue 
growth, inflammation, autophagy, apoptosis, 
production of adhesion molecules (as vascular 
cell adhesion molecule-1, VCAM-1), release of 
chemokines (as the monocyte chemoattractant 
protein-1 (MCP-1), and interleukins 1, 6 and 
8 (IL1, 6 and 8), among others. All these 
substances lead to atherogenic mechanisms, 
as are t issue cholesterol entrapment, 
inflammation, vascular tissue remodeling, 
proliferation of smooth muscle cells, activation 
of metalloproteinases, debilitation of the 
fibromuscular atheroma cap, etc.

The main target in the treatment of 
dyslipidemias is the LDL-c. The desirable value 
of the concentration of total cholesterol, LDL–c 
and triglycerides to be reached by treatment 
depends on the risk profile of each patient. 
But in the patient with both conditions, a 
primordial therapeutic target is also attaining 
recommended blood pressure ciphers.

In conclusion, HBP is one of the most 
important cardiovascular conditions in Mexico. 
A combination of HBP and dyslipidemia 
increases the pathogenic power of each on 
the cardiovascular system. The mechanisms 
that link both HBP and dyslipidemia, from a 
pathophysiological point of view are complex, 
but the RAAS has a primary role, and its 
inhibition is part of the integral treatment. 
Inflammation, oxidation, and endothelial 
dysfunction, as well as coagulation disorders, 
are some of its deleterious consequences.

As physicians, we must commit our efforts 
to detect hypertension and dyslipidemias 
in time and give the appropriate treatment 
to the patients.
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and Proteobacteria) or Gram-posit ive 
(Actinobacteria and Firmicutes).2

The stablished relationship between 
microorganisms and intestinal epithelial cells 
is very complex: some of their interactions 
allow the formation of a mucosal barrier, it can 
be the site where immunological mediators are 
secreted, and, where bacterial antigens interact 
with the body. Other kind of bacteria help to 
metabolize the ingested food.

The composition of the human microbiota 
largely depends on environmental factors, 
such as diet and drug use. Beyond the already 
documented effects of diet on human health, 
nutrients such as carbohydrates, proteins, fats, 
and other compounds as polyphenols and 
natural and artificial sweeteners, can act on 
intestinal microbiota, changing the balance 
between the microorganisms that compose it. 
Preclinical studies in animals, as well as clinical 
studies, have shown that the consumption 
of a high-fat diet promotes a decrease in the 
number of Bacteroidetes, and an increase in 
Firmicutes and Proteobacteria, which could 
increase the ability to collect and store energy, 
and increase the intestinal barrier permeability 
promoting an inflammation condition.3

Something similar occurs with high-
sucrose, sucralose, and stevia diets, where 
the number of Firmicutes increases causing a 
deleterious condition that can be synergistically 
incremented when high-fat diet and sucralose 
are combined.4

Changes in the normal balance among 
the microbiota components is known as 
dysbiosis, state that is responsible for the 

The microbiota is the group of microorganisms 
that reside in a particular niche. This article 

will talk address about the microorganisms that 
reside in the human body. The microbiota is 
one of the most densely populated and diverse 
communities on the planet. The human body 
harbors a significant diversity of microorganisms 
in the intestinal tract and genitourinary tracts, 
the oral cavity, nasopharynx, respiratory tract, 
and the skin.1

In the past, the scientific community 
believed that microbiota consisted only 
of commensal microorganisms (residing 
inside us but providing no benefit at all). 
However, recently multiple functions related 
to human physiology in which the microbiota 
is involved have been described. The intense 
research efforts to explore its role in normal 
and pathological processes allow scientists 
to define and named the microbiota as a 
«metabolic organ».

Some of the functions associated with the 
microbiota relate to nutrition, immunity, and 
inflammation, will be described below.

Gut microbiota (erroneously called 
intestinal flora in the past)

The intestinal tract is a reservoir of commensal/
symbiotic microorganisms (their numbers 
can be near 1,013-1,014 trillion) of various 
species, among which there are more than 
500 bacterial species and more than 1,100 
archaea species (unicellular prokaryotes that 
belong to a different phylum than bacteria). 
They can be Gram-negative (Bacteroidetes 
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metabolic alterations in the body that can 
lead to obesity, type 2 diabetes mellitus, and 
cardiovascular diseases.5

Some examples of the roles of the 
gut microbiota in cardiovascular disease 
and health are:

short chain fatty acid (scfa)

The intestinal microbiota participates in the 
digestion of food through two main catabolic 
pathways, categorized as saccharolytic or 
proteolytic. The first one, in which the 
microbiota breaks down polysaccharides, is 
responsible for most of the SCFA production. 
In the second pathway, ingested fiber is 
fermented, also inducing the formation of SCFA 
along with other potentially toxic metabolites, 
such as amines, thiols and phenols.

SCFAs directly modulate human health 
through different tissue-specific mechanisms 
related to the function of the intestinal barrier, 
glucose homeostasis, immunomodulation and 
regulation of appetite and obesity. The digestion 
of fermentable dietary fiber to SCFA gives us 
additional energy, so it would be logical to 
think that this would increase obesity, however, 
epidemiological studies indicate that a diet rich 
in fiber prevents the development of obesity, 
probably because SCFA work as free fatty acid 
receptors (FFAR) ligands, that increase the 
expression of glucagon-like-peptide 1 or Peptide 
YY, (slowing intestinal transit, increasing nutrient 
absorption, and increasing concentrations of 
leptin, an anorectic hormone).6

In summary, SCFAs, a product of intestinal 
microbial action, provide great health benefits.

trimethylamine-n-oxide

Naturally, foods such as red meat, soy, 
and eggs contain essential compounds for 
the normal functioning of human cells. 
Phosphatidylcholine, also called lecithin, is a 
molecule that participates in the stability of 
cell membranes and is the main phospholipid 
of circulating very low-density and low-
density lipoproteins (VLDL/LDL). Lecithin can 
be oxidized to betaine and this molecule is 
metabolized by intestinal bacteria producing 
trimethylamine (TMA).

L-carnitine is another example of compounds 
associated with the production of TMA. It 
is obtained from the essential amino acids 
methionine and lysine, and it is essential for 
energy metabolism, in particular, the catabolism 
of fatty acids that must be esterified with 
carnitine to form acyl-carnitine to be transported 
into the mitochondria for their oxidation 
(degradation), and be used in the production of 
ATP.7,8 Carnitine is also used in the transport of 
carbons (-CH3CO) in the form of acetyl-carnitine 
outside the mitochondrial, through the activity of 
the enzyme carnitine acyltransferase, promoting 
glucose oxidation.9,10

Both phosphatidyl choline and L-carnitine 
from food are metabolized by the intestinal 
microbiota to trimethylamine (TMA) which, 
upon reaching the liver, is oxidized by the 
enzyme flavin monooxygenase (FMO), 
producing trimethylamine-N-oxide (TMAO). 
This molecule has been proposed as a cause of 
lipid accumulation in the arterial wall, facilitating 
the influx of lipids, increasing in situ synthesis, 
and suppressing their elimination, facilitating 
the formation of lipid-laden macrophages 
(known as foam cells) within the arterial wall, 
which is considered to be a pathological 
condition associated with the development of 
atherosclerosis.

Multiple clinical studies have shown a 
positive correlation between the presence of 
metabolites associated with the production 
of TMAO (choline, betaine, and L-carnitine) 
and cardiovascular diseases such as, acute 
myocardial infarction and stroke. Patients with 
high circulating TMAO concentrations have 
a 2.5 times higher risk of suffering a major 
cardiovascular event, independent of other risks 
such as lipid concentration. In addition, it is 
important to consider that dysbiosis, particularly 
due to the increase of non-commensal bacteria 
(usually harmless to our body) such as genus 
Shigella, Vibrio or Aeromonas can produce 
high amounts of TMA using different substrates 
from the diet which increases the risk. Thus, 
the balance of the intestinal microbiota 
depends mainly on the ingested diet and the 
adequate regulation of the concentrations of 
TMA absorbed in the intestine. Therefore, the 
concentrations of circulating TMAO can be 
modulated with correct habits and healthy diet.
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microbiota and obesity

As mentioned, a high-fat diet in and the 
consequent obesity, generates changes in the 
balance of the normal microbiota components, 
mainly increasing the ratio of Firmicutes/
Bacteroidetes. This event can be reversed 
with changes in diet, from a one high in fat 
to another low in both, carbohydrates and fat 
(hypocaloric regimes).

Type 2 diabetes mellitus, strongly associated 
with obesity, has also been associated with low 
concentrations of SCFA, in particular, butyrate 
(produced by bacteria in the intestine). When 
analyzing the feces of patients with metabolic 
syndrome and insulin resistance, it was found 
that their microbiota contained minor amounts 
of butyrate-producing bacteria.

conclusion

The human intestinal microbiota participates 
in the metabolism of various compounds 
contained in the diet, and their metabolites 
can be absorbed by the intestine and modulate 
the permeability of the intestinal barrier. The 
bacterial composition varies throughout life, 
depending on various environmental factors, 
mainly the type of diet; If the diet is high in 
fat, carbohydrates, sweeteners (natural or 
artificial) or low in fiber, it will create a favorable 
environment for the growth of Firmicutes and 
other non-commensal bacteria. More and more 
evidence shows that a state of dysbiosis is related 
to the development of multiple diseases such 
as atherosclerosis, arterial hypertension, heart 
failure, chronic kidney disease, obesity and type 
2 diabetes mellitus, among many others. For 
these reasons, the prevention and treatment of 
cardiovascular diseases must pay attention to 

the restoration of the patient’s microbiota. After 
all, microbiota will accompany us throughout 
life ... until death do us part.
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