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Abstract

Metabolic syndrome is a multifactorial problem that combines environmental and genetic factors that in young people have a direct
impact on the quality of life of the adult. The early identification of risk factors at early ages could first step in the prevention of fu-
ture complications and to promote adequate lifestyles that reduce the probability and prevalence of chronic diseases such as such
as obesity, diabetes mellitus, high blood pressure and accidents cardio cerebrovascular, among others. The purpose of this review
is to describe key elements that demonstrate the importance of the detection and control in children and adolescents of metabolic

syndrome risk factors from childhood to healthy adulthood.
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Abbreviations

The following abbreviations are used in this manuscript

Met S: Metabolic syndrome; MHO: Metabolically healthy obese; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; BMI: Body
mass index; CC: Circumference of the abdominal waist; IR: insulin resistance; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic
steatohepatitis; HAE: HDL-apoA-I exchange; DM1: Diabetes mellitus type 1; DM2: Diabetes mellitus type 2; CVD: Cardiovascular disease;

IDF: International Diabetes Federation
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Introduction

Metabolic syndrome (MetS), it is defined as a pool of metabolic disorders including obesity, raised blood pressure, dyslipidemia, and
elevated fasting glucose, among others. MetS is one of the most important complications of excess weight, with an increase in the preva-
lence of obesity and overweight in children and adolescents. The risk factors that characterize it are: obesity of central or abdominal

predominance, hypertension, hypertriglyceridemia, hyperglycemia and decrease of the cholesterol bound to high density lipoproteins [1].
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This syndrome may be of special interest because of the increased prevalence with age [2-4]. In addition to the predominant criteria
to diagnose MS, it is associated with other metabolic abnormalities related to cardiovascular diseases such as, plasma increases in plas-
minogen activating factor and fibrinogen, hyperuricemia, elevated levels of C-reactive protein, hyperhomocysteinemia, the increase in the

expression of tumor necrosis factor alpha in adipose tissue and the decreased concentrations of adiponectin [4-6].

Cardiovascular Risk Factors

For the last decades, much attention has been dedicated to cardiovascular risk factors present in younger people; as a result, the view
is increasingly accepted that prevention of the appearance of risk factors and the early manifestations of atherosclerotic and hypertensive
cardiovascular diseases requires intervention before adulthood. Despite this knowledge, the risk factor prevalence was found to be high
amongst young subjects. Additionally, in several studies have been published response rate, the awareness of high blood pressure, high
LDL-C, and TC levels was the lowest in young subjects. Lack of awareness suggests that greater attention to health-related knowledge and

behavior, especially among young people, is needed [7].

Studies about longevity population also revealed different types of metabolic disturbances [8-14], being these results variable be-
tween countries and ethnics. Instead, centenarians from Poland showed that mildly elevated blood pressure is a marker for better health
status [9]. Recent study of familial longevity from China revealed decreased diastolic blood pressure but increased systolic blood pres-
sure in centenarians. Similar discrepancy can also be found among studies of lipid profile and longevity. Biological study for longevity
demonstrated that centenarians and their offspring have significantly larger high-density lipoprotein (HDL) levels and particle sizes and
low-density lipoprotein (LDL) levels compared with controls (Milman.,, et al. 2014; Barzilai., et al. 2003). However, other studies did not

find significant association of HDL-C levels with centenarians [12-15].

Several studies including systematic reviews and meta-analyzes have shown that the presence of MetS is associated with an increase
in composite cardiovascular disease (CVD), stroke, myocardial infarction, and all-cause mortality. Likewise, the risk of CVD mortality as-
sociated with MetS is greater than the risk associated with the individual components of MetS, suggesting that individuals with the large
range of metabolic abnormalities associated with MetS should be included in intensive prevention programs primary. Additionally, it has
been shown that the development of components of MetS in childhood can be followed in adolescence and adulthood, reinforcing the

need for early detection of MetS and of course prevention of cardiovascular diseases [16].

Obesity and Metabolic Syndrome

Obesity, metabolic syndrome and type-2 diabetes mellitus (DM2) are three interrelated conditions that share a number of patho-
physiological mechanisms and that are frequently observed to lead, in succession, to cardiovascular complications. The fact that their
prevalence is increasing alarmingly should prompt all healthcare professionals urgently to implement measures to prevent these com-
plications. The most effective, though also the least adopted, are those related to lifestyle modification. Drug treatment targeted at con-
trolling risk factors (e.g., hypertension, dyslipidemia, and thrombophilia), metabolic abnormalities, and excess weight is also necessary
[17-19].

Obesity represents one of the main health problems in the world. As in most developed countries, the prevalence of obesity in adults
is increasing rapidly. For example in Korea [20], a study revealed that 34.9% of men and 30.5% of women were obese. Although it has
been widely reported that obesity is closely associated with complications such DM2 and CVD, there is a subset of individuals that ap-
pear to be resistant to the development of metabolic abnormalities despite the presence of obesity, which are classified as “metabolically
healthy obese (MHO)", and the proportion that varies according to ethnicity, age and level of physical activity. These data could gener-
ate confusion about the future risk of developing diabetes, CVD or mortality in subjects with this phenotype. On the other hand, was
reported that the elevated risk of all-cause and CVD mortality was only evident in MHO subjects after long-term follow-up (= 10 years),
suggesting that the duration of follow-up is an essential component to be taken into account when assessing the future risk of developing
diabetes and CVD in MHO subjects [1,19,21-22].
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Childhood obesity is an independent risk factor for adulthood: an obese child has an 80% chance of remaining so at 35 year old [23].
On the other hand, the adolescent with excess weight, even though it was thin, has a relative risk of 1.8 mortality from any cause and 2.3

mortality from cardiovascular causes in adulthood compared to normal weight adolescents [1,21].

In addition, the prognostic implication of obesity may differ with age. Several epidemiological studies have suggested that the risk of
excess mortality associated with obesity is weak or reversed in elderly subjects [20,22]. In spite of this, the impact of the MHO phenotype

on the future metabolic risk according to age group has not been previously investigated.

Body size and metabolic phenotype are unstable and the transition to a different metabolic state often occurs over time [24,25].
Therefore, the future metabolic risk relative to the baseline phenotype may be a sum of changes in phenotypes during follow-up. To
clearly determine if the MHO phenotype poses a metabolic risk, it is necessary to differentiate the risk of subjects experiencing changes
in their phenotype from those who maintain this phenotype during defined study periods, although, in most studies, effects of chrono-
logical changes or duration of exposure to phenotypes of metabolic BMI on morbidity or mortality, making difficult the determination

and characterization of cardio metabolic risk in MHO individuals [6].

In the literature worldwide, various forms of characterization of MetS have been reported in children and adolescents with a similar
meaning to adult MetS. There are several difficulties in defining a MetS definition in the childhood and adolescence accepted and gener-
alized that include, measurements of HDL cholesterol, triglycerides, abdominal waist and blood pressure, ethnic differences, the use of
unique normative values for different pediatric ages, the fact that alterations in metabolic indicators in most children are quantitatively
moderate, the absence of a range of normality for insulin in infancy and the physiological IR of puberty. Applied studies in obese children
and adolescents have shown how the changes introduced in MetS definitions determine the prevalence of the disease, which would vary
between 15 and 50% depending on the criteria used. In addition, because MetS is directly related to obesity, the prevalence of MetS

increases as that increase the prevalence and severity of obesity [6, 26-28].

There are different definitions of metabolic syndrome; the first was published by the World Health Organization (WHO), later, other
associations such as the National Cholesterol Education Program (NCEP), the American College of Clinical Endocrinologist (ACCE) and
the European Group for the Study of Insulin Resistance (EGIR) have published their own definitions [27-28].

However, the consensus group of the International Diabetes Federation (IDF) has proposed a definition of MetS in childhood and
adolescence, easily applicable in clinical practice. This definition is based on percentiles and age groups, requires longitudinal studies
and highlights the importance of early identification of the specific components of MetS to effectively control the evolution and treatment
of children who will develop metabolic and cardiovascular alterations in adult life. The IDF even mentions that the criteria included in

this definition cannot diagnose the MetS in minors six years, if it suggests strict follow-up based on family history [26-28].

Criteria Obesity Triglycer- HDL-C Arterial Glucose MetS
ides Hypertension
National Choles- | Percentile> 90 Children: Children: Systolic or Baseline glyce- | If the child or young
terol Education | waist circumfer- percentile percentile | diastolic blood | mia>100mg/ | person has atleast3
Program Adult | ence Percentile 2 =75 <25 pressure per- dL or postpran- | of these components
Treatment 85 of body mass Adolescents: | Teenagers: | centile 2 90 dial > 140 mg/
Panel III (NCEP | index (BMI) Percen- | 2110mg/dL | <40 mg/ dL
ATP III) tile = 85 of body or percen- dL
mass index (BMI) tile> 95
International Percentile > 90 2150 mg/dL | <40 mg/ > 130 mmHg Baseline glyce- | Abdominal obesity
Diabetes Fed- waist circumfer- dL systolic or 85 mia > 100 mg/ | plus two other cri-
eration (IDF) ence mmHg diastolic | dL or postpran- | teria in adolescents
dial > 140 mg/ | between 10to 16
dL years old
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Cuban proposal

[5]-

Percentile > 97 for
age and sex

>110 mg/dL

<40 mg/dL

> 95 percentil
(for age and
sex)

fasting altered
glycemia (6.1
mmol /L)

Three or more of
the criteria listed for
children and adoles-

cents, (body mass
index (BMI), waist-
hip ratio (ICC), blood
pressure (TA)).

Children:
percentile

Percentile> 90 percentile =2 90
waist circumfer-

ence

Colombian pro-
posal [29].

2110 mg/dL
or percentile
>95

Baseline glyce-
mia > 100 mg/
<25 dL or postpran-
Teenagers: dial > 140 mg/ | 290 cm HDL-c <40
<40 mg/ dL mg/dL triglyceride
dL 2150 mg/dL; fasting
glucose = 100 mg/
dL; systolic BP (SBP)
> 130 mmHg; and/or
diastolic BP (DBP) =
85 mmHg

including 23 of the
following metabolic
abnormalities: WC

Table 1: Comparison of criteria for evaluating MetS in children and adolescents according to NCEP ATP 111, IDE

*Modificada de Romain Pierlot., et al. 2017 [30].

The body mass index (BMI) is the most commonly used measure in clinical practice to determine the degree of obesity in child-
hood. In several studies performed on children obese, (BMI higher than the percentile 95 for age and sex), there is an evident associa-
tion between severity of obesity and MetS. However, obesity perse or BMI is not a sufficient marker to identify children at risk of IR
and MetS and, as a consequence, cardio metabolic risk. On the other hand, the distribution of visceral fat influences the development
of metabolic complications of obesity and, is associated with the development of MetS in childhood and cardiovascular disease in the
adult. Circumference of the abdominal waist (CC) is recognized as the best clinical indicator of visceral fat accumulation and, therefore,
CC can be a more adequate measure in terms of MS and cardio metabolic risk. For children, in several studies, CC reference values have

been described, however, its use is not routine in clinical practice [26,31].

Studies in children with the same degree of obesity have shown that those with higher CC are more likely to have altered cardio
metabolic risk factors compared to those with lower CC. In fact, the increase in CC is associated with high blood pressure, increased
plasma levels of LDL cholestero], triglycerides and insulin and decreased HDL cholesterol. The association between CC and this group of
cardiovascular risk factors is not only a reflection of a certain degree of obesity, but also seems to have pathophysiological connotations,

although the mechanisms involved are not clearly known [6,26].

Although the physical examination and review of BMI and CC measurements is basic, family history should be investigated due to
the influence of hereditary factors on the development of the various components of MetS and because several studies have shown that

children who do not develop MetS at an early stage are less likely to develop it later.

As mentioned, MetS is defined by elevated plasma triglycerides (TG), blood pressure, fasting glucose and waist circumference, re-
duced high-density lipoprotein cholesterol (HDL-C). Beyond traditional lipid markers and elevated blood glucose, patients with meta-
bolic syndrome have a substantial residual risk of cardiovascular disease (CVD). On the other hand, chronic low-level inflammation,
prevalent in MetS, is associated with a reduction in the antioxidant capacity of HDL. The ability of HDL to perform reverse cholesterol
transport, another key atheroprotective function, may also be compromised by factors associated with MetS. [32]. Additionally, it is

suggested that preclinical MetS and dyslipidemia in particular are associated with altered variation of myocardial signal intensity [33].
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Patients with DM1 have an increased risk of morbidity and mortality from CVD [34-36], however, the underlying mechanisms are
only partially understood, and even when the traditional risk factors for these pathologies have been addressed, patients with diabetes
have a significant residual risk of CVD [19,36-37].

In clinical studies, high-density lipoprotein cholesterol levels (HDL-C) are inversely associated with coronary heart disease events
and mortality [36,38-39]. Despite the total inverse association of HDL-C with CVD risk, almost 40% of men with coronary heart dis-
ease have normal HDL-C levels, and very high levels of HDL-C are associated with a higher risk of major coronary events [36,40,41].
Therefore, HDL-C levels alone do not provide a full explanation of the atheroprotective effects of HDL, suggesting that not all HDLs are
functionally equivalent, and that the cardio protective nature of HDL is not accurately represented by the circulating levels of HDL-C.
Consequently, the focus has shifted to measurements of HDL function, which have produced a better assessment of CVD risk than
quantification of HDL-C [42-43]. Heier, et al. [36] showed that HDL function, measured by the HDL-apoA-I exchange (HAE) ratio, was
reduced in patients with childhood DM1 compared to healthy control subjects. The difference was observed in patients with a mean
age of 13.7 years at the beginning of the study, and was still present in a follow-up examination 5 years later. This study highlights that
changes in HAE are a sustained effect that occurs early in the onset of DM1. HAE is a key aspect of reverse cholesterol transport, there-
fore, these results indicate that the reduction in HDL function it may be a mechanism underlying the increased risk of CVD observed in
DM1. The loss of HAE may be related to the antioxidant function of HDL, which is also affected by diabetes. The HDL of patients with
this disease cannot reverse the inhibitory effect of oxidized LDL on endothelium-dependent vasorelaxation. As a result, reductions in

the HAE-apoA-I ratio may be due to the increased inflammation associated with diabetes.

It has been described that there is a specific phenotype of obesity, which is associated with alterations in insulin sensitivity and
cardio metabolic complications and characterized by a high proportion of visceral fat and relatively low subcutaneous fat, as for ex-
ample in the nonalcoholic fatty liver disease (NAFLD) that is currently the most common chronic liver disease in developed countries
because of the obesity epidemic. The influence of NAFLD on the development of other metabolic diseases is relevant and epidemiologi-
cal evidence indicates that NAFLD not only affects the liver but also increases the risk of extrahepatic diseases such as DM2, metabolic
syndrome, dyslipidemia, hypertension, cardiovascular or cerebrovascular diseases and chronic kidney disease. Nonalcoholic steato-
hepatitis (NASH), an advanced type of NAFLD, can aggravate these relationships between organs and lead to poorer outcomes. NAFLD
induces insulin resistance and exacerbates chronic systemic inflammation and oxidative stress, which leads to organ dysfunction in
extrahepatic tissues. Despite the current evidence, more research is needed to identify the pathophysiological mechanisms and the
causal relationship between NAFLD and cardio metabolic and renal diseases, the detection of cardiac, cerebral and renal diseases, as

well as for the risk assessment for diabetes. [44,45]

Epidemiological data shows the global prevalence of NAFLD in different populations as follows: United States, 30%, Middle East,
32%, South America, 30%, Asia, 27%, Europe, 24% and Africa, 13%. Wide variations in the prevalence have also been identified among
different ethnic groups of these populations and another interesting trend noted is the increasing prevalence of NAFLD among pediatric
age groups. Autopsy-based data showed that NAFLD prevalence among children aged 2-19 years to be 9.6% after adjustment for age,
sex, race and ethnicity, and up to 38% in obese children [45-47].

The disease starts with fatty liver or hepatic steatosis and may progress to steatohepatitis with hepatic inflammation. Five to twenty
percent of patients with fatty liver develop NASH in their clinical course, of which 10-20% develop into higher-grade fibrosis and < 5%
progress to full-blown cirrhosis [46,48] The prevalence of NASH may be underestimated, as the diagnosis requires histological confir-
mation. It is considered that at least 5% of the population may have NASH [44,45,49].

IR is one of the basic pathophysiological mechanisms in the development of MetS and, therefore, it is advisable to measure it in
potential risk patients. Hypertension is one of the basic components of MetS, since it has shown a significant relationship between
insulin levels and blood pressure. On the other hand, the insulinemia correlates with the future blood pressure that these children will

present when they reach adolescence. The most characteristic profile is systolic arterial hypertension in a first phase, accompanied in
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a later phase of diastolic hypertension. On the other hand, the most frequent altered lipid profile presented by patients with IR and MS
is characterized by an increase in triglycerides and a decrease in HDL cholesterol. It is worth mentioning that in all obese adolescents

this phenotype does not occur [26].

Colombia is in an intermediate stage of the demographic transition process, the country is experiencing an accelerated aging pro-
cess, the number of people over 65 over the last 40 years has tripled and the life expectancy at birth has increased to 75.2 years [50].
The profile of morbidity and mortality is characterized by a predominance of chronic non-communicable diseases that for several years
have been the main causes of morbidity and mortality: cancers, cardiovascular diseases, metabolic diseases and neurodegenerative
diseases appear in the first places at the national level in the burden of disease studies of 1995, 2005 and 2010. The adolescent’s eating
behavior is influenced by family habits, the greater social bonding with their peers and the growing concern about body image, and on
the other hand, by the needs of food energy. The course of obesity from childhood to adulthood and the risk associated with chronic
non-communicable diseases, highlight the importance of preventive measures during puberty: as more individuals become obese at
an early age, it grows the impact of obesity as a public health problem. This condition is one of the most common nutritional disorders
in adolescence and, unlike other disorders that affect health, it has the greatest adverse consequences at the individual, economic and
social levels. In the work carried out by Fortich and Gutiérrez [51] it is highlighted that there are social determinants that could influ-

ence overweight and obesity such as education, sex, poverty, place of residence, among others.

Childhood Obesity
The Cardioinfantil Foundation, indicated that many of the problems of obesity and overweight begin in pregnancy between 0 to 6
months and in early childhood, According to data provided by the entity, in 2012 there was an increase of 6.7% in children under 5 years

of age with obesity problems worldwide.

In Colombia, children under 5 suffer from excess weight, 20.2% are between 1 and 2 years old, and 5.2% are older than 2 years.
These problems are associated with a chain that begins with mothers, finding that factors such as malnutrition (12.6%), overweight
(24.8%), obesity (9.8%) and anemia (18.8) trigger in low weight, intrauterine growth retardation and high birth weight in newborn
children. Similarly, the lack of breastfeeding leads to problems for the child, such as obesity, insulin resistance, diabetes mellitus type 2,

hypertension and dyslipidemia, which are also reflected later in youth and adulthood [50].

Relatively recent data suggest that about half of adults in LA are overweight or obese, compared to 33.9% reported a decade earlier
[52-54]. Adolescents worldwide are not immune to this trend. In fact, WHO is calling childhood obesity “one of the most serious public
health challenges of the 21 century” Countries experiencing rapid demographic and nutritional transitions due to the evolution of
the economic climate, like many Latin American countries, are among the most vulnerable [52-58]. A study of adolescents from low-
middle-income countries (LMICs) found that LA and the Caribbean had the highest regional prevalence of overweight in both rural and

urban areas [59].

The lifestyle of the university population has changed considerably in the last 20 years due to a rapid improvement in socioeco-
nomic status [60,61]. These changes, in addition to the adoption of a Western lifestyle and diet, have led to an increase in the preva-
lence of overweight and obesity among Colombians, particularly among university students [62]. Other studies have reported MetS in
younger populations, but use a much wider age range [63] or include non-university students [64-66]. In addition, in all studies it has
been a challenge to clearly define the “young adult” age group. In cross-sectional studies previously reported, the prevalence of MetS in
adolescents included ages of 12-18 years [63] or 10-19 years [67]. Having an international definition for the “young adult” age group

would be useful for future data comparisons [29].

In this study, it was shown that the prevalence of MetS of 6%, which is an intermediate value compared to those reported in local
and international studies, ranging from 2% to 13% (29-38). In other studies [29,68] it was reported a prevalence of 6.8% in university

students with characteristics similar to those found in this study. Ford., et al. [69] conducted a cross-sectional study with adults aged
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18-30 years in the United States and reported a similar prevalence of MetS of 6.7%, using the definition of the National Program of
Education on Cholesterol-Adult Treatment Panel III of the United States. United.

The rates found in university contexts reported were higher than those found by Huang,, et al. [70]. in 163 students aged 18-24
years in Kansas, United States, (0.6%); de Freitas., et al. [71] in 702 Brazilian university students (1.7%); Fernandes.,, et al. [72] in 189
students aged 18-24 years (3.7%); Yen., et al. [73].in 8226 students with an average age of 19.2 + 2.3 years (4.6%); and Burke., et al. [74]
in 1701 students aged 18-24 years, who enrolled in an introductory nutrition course and met the age requirements of the Young Adult
Health Risk Screening Initiative at the University of New Hampshire (4.9 %). On the other hand, the rates described by Martinez-Torres.,
et al. [29] were lower than those found by Ruano., et al. [75] and Mattsson., et al. [76] in 796 Spanish students between 17 and 25 years
old (7.5%), in 2182 healthy young adults (1007 men and 175 women) between 24 and 39 years old (13%), respectively.

These results suggest that the prevalence of MetS could vary between studies according to the MetS group used, the design method
and the target population. In this study, the criteria of the International Diabetes Federation (IDF) and the American Heart Associa-
tion (AHA) and the joint declaration of the National Heart, Lung and Blood Institute (NHLBI) were used as an international attempt to
harmonize the definition of MetS. It is worth mentioning that central obesity is not a mandatory component of this definition and is

ethnically specific.

Conclusions

The present mini review shows that the prevalence of MetS and its components in various countries is variable, presenting in some
of them prevalences small, and in other highs. This variability is possibly due to the difference in eating habits and care of the health of
each country, but also of the diversity of detection criteria used and lack of consensus among them for the diagnosis and cut points for

the MetS components.

In summary, it is shown that the prevalence of MetS and its components is relevant in children and adolescents and that dyslipid-
emia, central obesity and high blood pressure levels are the most frequent components of MetS. It is recommended that each country

incorporate strategies to improve nutrition and physical activities, in order to counteract this health problem in young people.
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