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Abstract

Cardiometabolic diseases represents the main cause of death in the world and several risk factors
influence in different way. On the other hand, those risk factors appear at younger ages each time. One
common factor is the insulin resistance and dyslipidemia. Some studies have suggested that higher levels
of triglycerides are an independent risk factor for insulin resistance and in the future the possible
development of diabetes and cardiovascular diseases. We performed a cross sectional study. Obtaining
data of 189 university students from the faculty of pharmacy. Which 30% presented insulin resistance
and 17% hypertriglyceridemia. We obtained an OR of 3.890 (IC 1.711-8.45; p<0.0004). Identify at early
stage the possible risk factors for cardiometabolic disease comes important for the prevention of the same
disease.

Triglycerides, Cardiovascular, Resistance
Resumen

Las enfermedades cardiometabdlicas representan la principal causa de muerte en el mundo y los diversos
factores de riesgo influyen en diferente magnitud. Por otro lado, estos factores se presentan cada vez a
mas temprana edad. Un comun denominador de estos padecimientos es la resistencia a la insulina y las
dislipidemias. Diversos estudios han sugerido que niveles elevados de triglicéridos son un factor de
riesgo independiente de resistencia a la insulina y en un futuro el posible desarrollo de diabetes y
enfermedades cardiovasculares. Se realiz6 un estudio de tipo transversal analitico. Se obtuvieron datos
de 189 estudiantes universitarios de la Facultad de Farmacia. De estos el 30 % presentd resistencia a la
insulina y el 17% hipertrigliceridemia. Se obtuvo un OR de 3.890 (IC 1.771-8.545; p <0.0004).
Identificar de manera temprana posibles factores de riesgo modificables de enfermedades
cardiometabdlicas resulta de vital importancia para la prevencion temprana de las mismas.

Triglicéridos, Cardiovascular, Resistencia

2.1 Introduction

The prevalence of cardio-metabolic diseases and their associated consequences is currently increasing
(Weschenfelder et al., 2020). Of these, cardiovascular diseases (CVD) constitute a major public health
problem. In the last decade, the number of deaths from CVD has increased worldwide by 12.5% over the
previous decade (Joseph P. et al., 2020). Diseases of the cardiovascular system are now the leading cause
of death in the world's adult population (World Health Organization, 2017).

In some regions of the world, including Latin America, life expectancy at birth continues to
increase; however, the quality of life in many cases does not increase at the same rate, due to the large
number of health complications that go from chronic diseases, caused by the consumption of diets high
in saturated fats to smoking and sedentary lifestyles; these facts become more common and result in high
mortality from CVD (Pan American Health Organization, 2017).

CVD is multifactorial in origin and one risk factor must be considered to interfere in the context
of others. Cardiovascular risk factors (CVRFs) are a set of biological characteristics or behaviors that, in
those individuals who exhibit them, increase the likelihood of developing or dying from CVD (Baeradeh
et al., 2022). The WHO considers smoking, a sedentary lifestyle, a diet low in fiber and high in
cholesterol and saturated fat, DM2, dyslipidemia and high blood pressure as the main modifiable
cardiometabolic risk factors (Wu Y. et al., 2014). Of these factors, dyslipidemia, and insulin resistance
as a precursor to DM2, are two factors that are related and could themselves have an impact on CVD.

2.1.1 Dyslipidemia

Dyslipidemia is one of the major cardiovascular risk factors (Kopin et al., 2017). It is characterized by
increased levels of triglycerides (TG) and/or low-density lipoproteins (LDL), in addition to decreased
levels of high-density lipoproteins (HDL). (Lui & Li, 2014). In Mexico, the most common dyslipidemia
is increased triglycerides known as hypertriglyceridemia. In the last National Health and Nutrition
Survey (ENSANUT) it was reported that 57.5% of the population had triglyceride levels above 150
mg/dL. (National Institute of Public Health, 2019).
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2.1.2 Hypertriglyceridemia

Hypertriglyceridemia (HTG) is a common abnormality of lipid metabolism (Pedragosa, et al 2013). It is
often clinically silent and is most frequently found during screening of patients without any symptoms.
According to the most recent clinical guidelines, triglyceride levels are considered normal if they are less
than 150 mg/dL, borderline high if 150 to 199 mg/dL, high if 200 to 499 mg/dL, and very high if 500
mg/dL or higher. (Elkins & Friedich, 2018).

It is a disorder usually accompanied by other lipid profile alterations and is currently a
cardiovascular risk factor that should be investigated in at-risk individuals. Early detection of high plasma
triglyceride concentrations in children, adolescents and young adults is of paramount importance to
prevent future cardiovascular events (Gonzalez-Sandoval et al., 2014). Recent evidence suggests that
this pathology is strongly associated with an insulin resistance (IR) profile, since it favors lipogenesis
and there tends to be an elevation of plasma triglyceride levels (Fiuza et al., 2018). The mechanisms by
which this situation occurs have been empirically demonstrated and encourage further research into both
pathologies.

2.1.3 Insulin resistance

Insulin resistance (IR) is a metabolic disorder characterized by an attenuated biological response to the
action of insulin. It is defined as a state in which an increased amount of insulin is required to produce a
normal biological response to a glucose load, i.e., compensatory hyperinsulinism develops. (Centers for
Disease Control and Prevention, 2017).

The development of IR is influenced by genetic and environmental factors, such as a high-trans-
fat, high-calorie diet, obesity, ageing and sedentary lifestyle. It results in decreased glucose uptake by
skeletal muscle and adipose tissue cells, decreased hepatic glycogen production (glycogenolysis) and
increased hepatic glucose production (glycogenolysis) (Martinez Basila et al. 2011).

The standard method to identify IR is the hyperglycemic clamp method, however, due to its high
cost and difficulty to perform, the HOMA index has been proposed as a suitable model to assess and
determine IR at an affordable cost.

2.1.4 HOMA Index

The Homeostasis Model Assessment (HOMA) index was proposed by Mathews et al in 1985. It is the
most widely used method for diagnosing IR in humans and was derived from a mathematical equation
relating B-pancreatic cell function and fasting glucose and insulin concentrations. The equation is
calibrated with a B-cell function assumed to be 100% and with a normal RI of 1 (Martinez-Basila et al.,
2011) according to the following formula:

Figure 1.1 Insulin resistance HOMA formula

insulina plasmaética en ayuno (mU/L)Xglucosa plasmatica en ayuno (mmol/L)
225

HOMA — IR =

Source: Martinez, 2011

The HOMA index can also be used to assess [3-pancreatic cell function. Thus, the HOMA model
is used to estimate insulin sensitivity and B-cell function. This is because plasma insulin and glucose
concentrations have a relationship in the basal state and reflect the balance between hepatic glucose and
insulin secretion that is maintained by feedback between the liver and B-cells (Wallace et al., 2004).

HOMA index values in a population of Mexican descent are considered normal when they are
less than 2.60. However, values between 2.60 and 3.80 refer to moderate IR, while values above 3.80
represent severe IR (Qu et al. 2011). The growing increase in metabolic diseases such as those mentioned
above, especially in the young population, has increased interest in studying this population and the
possible factors that could influence the development of these diseases.
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University students have been specifically singled out as a population of interest for reasons such
as age, educational level, lifestyles associated with long hours of study and class attendance, among
others. Students from the health field, have the potential, soon, to apply their knowledge in society
(Maldonado et al, 2013).

Students are subjected to conditions when entering the university system. They are at a critical
stage in the development of their eating habits, characterized by little time to eat, frequent skipping of
meals, eating between meals, high consumption of fast food, among others. In addition to this, there is a
decrease in physical activity due to the rise of passive entertainment. Furthermore, there has been an
increase in the prevalence of tobacco and alcohol consumption. These unhealthy lifestyles are
contributing to the development of cardio-metabolic risk factors in university students (Kim & Park,
2016)

There is a high prevalence of risk factors for chronic non-communicable diseases in university
students, including overweight and obesity, insulin resistance especially in women and
hypertriglyceridemia in men (Morales, 2013). Early identification of possible modifiable risk factors for
cardio-metabolic diseases is of vital importance for their early prevention. Therefore, the aim of this
study was to look for the possible association between two risk factors such as hypertriglyceridemia and
insulin resistance as a possible predictor of cardio-metabolic risk.

2.2 Materials and Methods

Students from the Centro Universitario de Ciencias Exactas e Ingenierias of the University of
Guadalajara, Mexico, with the following characteristics was recruit: aged between 18 and 25, with 10 to
12 hours of fasting, were recruited for this study. They attended to the Biochemistry Laboratory, where
personal data was registered, a clinical history was filled out and somatometric measurements were
obtained. At the end, a blood sample was taken.

Transversal analytic study type. The next parameters were determined.

- Body Mass Index. Weight and height were measured using a TANITAS30A scale that automatically
calculates the BMI, which was used to characterize the population as normal weight, overweight
and obese, considering: 19 - 24.9 kg/m?, 25 - 29.9 kg/m? and > 30 kg/m? BMI, respectively.

- Serum analysis of total cholesterol (TC), triglycerides and glucose were measurement using a dry
chemist technique in the FujiFilm DriChem NX500i equipment. LDL was calculate using
Friedwald formula.

- The determination of insulin was using a ELISA sandwich type technique in the Magpi Luminex
equipment. A cut off point of >150 mg/dL was considered for hypertriglyceridemia and for insulin
resistance HOMA index > 2.5 was used.

2.3 Results

We recruit a total of 189 students, 61% of whom were female and the rest male. Table 2.1 shows the

general characteristics obtained, separated by gender, and the percentage of students with alterations in

triglycerides and insulin resistance.

Table 2.1 Descriptive anthropometric and biochemical results

Variable

' Women n= 116

Men n=73

Impaired (%0)

Age (years) 20.52+1.44 21.0+1.91
BMI (Kg/m?) 24.8 +5.26 28.11 +6.48 %67 (127)
Total Cholesterol (mg/dL) 168.5 + 34.57 162.34 £ 34.30
Triglycerides (mg/dL) 97.99 £ 51.03 112.90 £ 55.36 %17 (33)
HDL (mg/dL) 50.13 + 13.03 40.3+9.18
LDL (mg/dL) 99.61 + 26.06 95.14 + 38.47
Glucose (mg/dL) 83.61 +7.99 85.55 £ 8.82
Insulin (mU/L) 10.28 + 0.44 12.51 £ 9.62
HOMA (mU*mmol/L?) 2.06 £1.54 2.55+1.86 %30 (57)
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Table 2.1 shows that the results are within normal parameters, except for the BMI in men, which
IS on average in the overweight range. It can also be seen that men have the highest HOMA levels,
slightly above the normal range. A prevalence of hypertriglyceridemia of 17% was found in our
population. 34% of which were women, the rest men. Insulin resistance was diagnosed in 57 volunteers,
which corresponds to a prevalence of 30%. Of these, 49% were female. In addition, 9.5% had both
disorders.

The association between IR and hypertriglyceridemia was performed. An Odds Ratio (OR) of
3.890 p<0.0004 (CI 1.771-8.545) was obtained. This result shows that the presence of elevated
triglyceride levels can be considered per se a cardio-metabolic risk factor, since it increases the likelihood
of insulin resistance to a great extent, that along with these two factors, represent an increased risk of
these diseases.

2.4 Discussion

The relevance of this study lies in the population being studied, although these are apparently healthy
young university students, the frequency of dyslipidemias was observed to be high. In addition, a
correlation was found between plasma triglyceride values and the HOMA index of insulin resistance in
non-diabetic males. Fasting hypertriglyceridemia is an abnormality commonly found in insulin-resistant
subjects and is frequently associated with other elements of insulin-resistant dyslipidemia.

There are explanations for this close association, as mechanisms have been demonstrated by
which insulin resistance leads to hypertriglyceridemia and there are also mechanisms by which the degree
of insulin resistance increases. Visceral adipocytes are generally more insulin resistant, so they show
marked lipolysis and an increased flow of fatty acids to the liver. The increase in fatty acids has two
consequences in the liver: firstly, it increases the synthesis of triglycerides and secondly, it favors the
synthesis of very low-density lipoproteins (VLDL) that pass into the blood in large quantities and cause
hypertriglyceridemia (Miguel Soca et al., 2011).

The increase in triglycerides in the blood is possibly due to a decrease in the clearance of VLDL,
triglyceride-rich lipoproteins that are removed from the circulation by an endothelial enzyme, whose
activity depends on insulin and is reduced in insulin resistance. Hypertriglyceridemia affects the
lipoprotein pattern by promoting lipid exchange between VLDL and high-density lipoproteins (HDL),
through the action of cholesteryl ester transfer protein. In this exchange, triglycerides are transferred to
HDL and cholesteryl esters to VLDL, enriching the triglyceride content of HDL and increasing the
cholesterol content of VLDL. Triglyceride-rich HDL are more susceptible to degradation by hepatic
lipase, which reduces their blood concentrations and affects the role of these lipoproteins in reverse
cholesterol transport, the main cardio-protective mechanism of HDL (Tilg et al., 2008).

Resistance to insulin action (decreased response to the hormone) in skeletal muscle is one of the
first detectable defects in humans with type 2 diabetes. Obesity is the most important risk factor for the
development of this pathology and specifically central fat deposits (visceral obesity). Initially, insulin
resistance generates compensatory mechanisms so that, for a certain period, insulin hypersecretion keeps
blood glucose levels under control. This period, which could be called pre-diabetic, is difficult to detect
because blood glucose levels remain within normal limits. However, this situation deteriorates until
pancreatic failure occurs, which is when the beta cells are no longer able to maintain insulin
hypersecretion, begin to deteriorate and this deterioration leads to reduced insulin secretion. This is the
point at which most cases of type 2 diabetes mellitus and metabolic syndrome start to be diagnosed
(Genoni et al., 2017).

The progression of insulin resistance not only leads to type 2 diabetes, but if appropriate measures
are not taken, patients will become insulin dependent. Although the etiology of resistance is not yet
clearly established, it is thought that there is a polygenic genetic component that is mediated by the
environment. In this sense, the lifestyle with little physical exercise and constant availability of food,
which is the case in our society, seems to be responsible for the escalation in recent years in the incidence
of insulin resistance related diseases. More than 90% of diabetics are classified as type 2. According to
the World Health Organization, the number of people worldwide affected by this disease has tripled in
the last 20 years. Forecasts for the not-too-distant future are that almost 30% of the population will
develop insulin resistance and its complications during their lifetime (Benito M., 2014).
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Insulin resistance is associated with hyperinsulinemia, hypertension, dyslipidemia, and is a risk
factor for cardiovascular disease, including in children. It is for this reason that the diagnosis of young
people with insulin resistance has been proposed as a strategy to identify those at high risk of becoming
diabetic (Haymond, 2003), since in the pathophysiology of type 2 diabetes mellitus, the first step is the
presence of insulin resistance.

Insulin resistance and the so-called metabolic syndrome where hypertriglyceridemia is implicated
as a primary factor, are constituted as two complex pathological entities, which represent a real challenge
for clinicians and specialists in terms of their proper definition and diagnosis. Even today, with advanced
technological resources and well-established clinical principles, it is necessary to continue the research
into the pathophysiological mechanisms and the most effective and safe therapeutic approaches to these
entities.

The basis of these primary prevention measures, so far, continues to be lifestyle modifications
(weight reduction, low-calorie diet, and exercise); in addition, an individual assessment should be
performed in populations at higher risk (family history of diabetes, macrocosmic product, central obesity,
arterial hypertension, glucose intolerance and hypertriglyceridemia and some other early markers) that
may lead to the presence of hyperinsulinemia and metabolic syndrome. The presence of both
hypertriglyceridemia and insulin resistance, and their probable complications, in all population groups
compromises the present and future health of people, which is why it is considered a public health
problem and therefore requires the attention not only of health professionals but also of the economic
and political authorities of our entity.

2.5 Conclusions
Higher BMI, triglyceride, glucose, insulin and HOMA values were observed in males.

Similarly, females have a lower prevalence of hypertriglyceridemia. However, they are almost
equally prevalent as the male gender in terms of insulin resistance.

- With these data, we can conclude that hypertriglyceridemia can indeed be associated with insulin
resistance. The volunteers were young students, reason for which it is necessary to insist on a
lifestyle improvement, because despite their young age, some severe disorders have been observed,
which will have repercussions in their adult life.
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