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Concomitantly, obesity has several indirect costs, difficult to 
measure, caused by reduced productivity, absenteeism, relative 
disability due to illness and even premature mortality. 

Classification and etiology of obesity
Obesity is defined as an accumulation of abnormal and excessive 

fat that interferes with the normal functioning of the body. 

The body mass index (BMI) is an indirect indicator of this amount 
of body fat. A normal adult should register a BMI between 18.5 
kg/m2 and 25 kg/m2. Above this value, an individual is considered 
overweight and above 30 kg/m2 is considered obese. For children, age 
and gender specific percentile charts are used to classify overweight 
and obesity. 

According to the location of the adipose tissue increase, we can 
define two different types of obesity: android obesity in which the 
accumulation of adipose tissue is predominant around the abdominal 
area and ginoide obesity in which there is accumulation of adipose 
tissue in the hip region. In general, in obesity, an increase in the 
number and size of adipocytes is also observed.

This excessive accumulation of fat that occurs in obesity, 
eventually leads to the excessive release of fat acids that causes 
lipotoxicity, since lipids and their metabolites produce oxidative 
stress in the endoplasmatic reticulum and in the mitochondria of 
cells. This situation will affect both adipose and non-adipose tissues, 
which explain the impact of obesity on different organs, causing a 
serie of pathologies, the most frequent being hypertension, type II 
diabetes and cardiovascular diseases, which potentially translates into 
a reduced life expectancy.

But obesity is not just about these risks, obesity has multiple 
negative effects on a phisical, psychological and social level. Some of 
the heath consequences of obesity are shown in Figure 1.

Figure 1 The multiple consequences of obesity in the different dimensions 
of health.

Despite substancial advances in the study of the development 
and progression of obesity, the real understanding of the etiology of 
obesity is still an incomplete process. Ross et al.,1 performed a review 
on the causes of obesity in children and adults and concluded that 
there is no consensus in the literature on the specific factors that 
contribute to obesity. Understanding the etiology of obesity represents 
a substantial challenge due to the complexity and interactions between 
various physical, psychological and social factors.

The conceptual model proposed by Faith & Kral2 it assumes 
that genetic and socioenvironment factors lead to the development 
of obesity through their influences and interactions, regardless of 
food intake and physical activity (FA). These variables can induce 
a positive energy balance which, maintained over time, will promote 
obesity.  
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Introduction
The treatment of obesity has become one of the great global 

challenges in the field of health. Several recent studies, conducted in 
200 countries and territories, concluded that the worldwide number 
of adult women with obesity increased from 69 million in 1975 to 
390 million in 2016, while the number of men with obesity increased 
from 31 million to 281 million during the same period. These studies 
also demonstrated that the increase in the BMI of children and of 
adolescents seemed to be stabilized in many countries with high 
economic power, although maintaining BMI high levels. But theses 
trends refer to a period prior to the Covid 19 pandemic, as more 
recent studies seem to indicate a new significant increase in BMI in 
adolescents and adults. Life has become even more sedentary and bad 
eating practices such as fast food have shown no signs of slowing 
down.

Obesity is associated with higher mortality and is a risk factor 
for the development of several comorbidities, such as diabetes, 
hypertension and cardiovascular diseases. In addition, obesity also has 
considerable economic consequences. In particular, obese individuals 
generate a 36% increase in annual medical costs and a 77% increase in 
medication costs, compared to individuals of adequate weight. 
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Nutrition and obesity
Basically, obesity results from a state of positive energy balance, 

where energy intake exceeds energy expenditure. Human evolution 
favored a serie of gene variants that enabled an increase in energy 
deposits in the form of fat, in order to increase survival. In today’s 
world human beings are, in various regions of the globe, in an 
environment that facilitates excessive energy consumption, with easy 
access to a wide variety of foods, many of them hypercaloric, and, 
at the same time, there was a reduction in energy expenditure, with 
decreasing physical activity in the vast majority of work activities 
and, concomitantly, an increase in the time used in sedentary activities 
(use of screens). 

In the 30-year period between 1969/71 and 1999/2001, has been 
estimated an average annual increase worldwide of almost 400 kcal 
consumed.3

However, not all calories are created equal, and there continues 
to be debate about the optimal macronutrient content of the diets in 
relation to the specific characteristics of obesity. So far, several studies 
suggest that, in the short term, there is little difference in the body 
weight and even in the health status of patients who resort to diets 
markedly different in the composition of macronutrients, provided 
that the nutritional quality of these foods is taken into account. In any 
case, the macronutrient composition of a diet can affect weight loss 
in the long term.4

In relation to other specific types of less natural food, such as fast 
food consumption, with its high saturated fat and energy density , a 
positive association with BMI was shown, although further studies 
are needed.

The effects of sugary drinks on health and weight have also 
received special attention from the scientific communities and 
public authorities . In fact , in a systematic scientific review covering 
the period 2013 to 2015, the impact of sugary drinks on obesity 
in adolescents and adults was evaluated, concluding that this 
consumption is positively associated with the increase in obesity. 
This review included 26 prospective studies, of which 25 showed a 
positive association between the consumption of sugary drinks and 
the increase of BMI. 

In general, it can be said that it is difficult to establish clear 
associations between BMI and the intake of single foods or single 
food groups. In fact, the association of several characteristics of 
dietary behavior and obesity continues to be the subject of several 
scientific studies. Some of these studies investigated whether eating 
food several times and in smaller amounts would contribute to weight 
balance. This hypothesis was confirmed by an observational research.5 

In 2015, a meta-analysis evaluated the experimental evidence 
on meal frequency in relation to changes in fat mass and lean mass 
in adults. . Another recent meta-analysis confirmed that fasting 
is positively associated with excess body weight, with the mean 
difference in BMI between the two groups being around 1.78 Kg/m2.6

There is also statistical evidence that deficiency levels of certain 
micronutrients may favor obesity, as macronutrient deficiencies have 
been observed in obese individuals worldwide. However, it is not 
fully understood, whether there is a causal relationship and if so, what 
is the direction of causality.

The results of a 26-week, randomized, double-blind Chinese study 
showed that, compared to the placebo group, the group receiving 
supplement of 29 multivitamin and mineral ingredients, had a 
significant reduction in body weight, BMI and fat mass (p<0,1). In 

addition the calcium supplement alone(162 mg/day) improved lípides 
profiles signicantly and improved the HDL-C (p<0,1) and it lowered 
LDL-C (p<0,5) at 26 weeks when compared to the placebo group,7 we 
understand that further experimental studies are needed to deepen the 
role of micronutrients in obesity. 

The genetics of obesity
It has been known for several decades that family factors played 

an important role in the development of obesity and that genetic basis 
was behind most of these factors. However, the main piece of the 
obesity genetics puzzle was published in December 1994, when the 
gene associated with the production of leptin

 (a polypeptide produced in white adipose tissue, which controls 
food intake by activating receptors in the hypothalamus) was cloned, 
sparking a revolution in understanding the biology of obesity.8

In 2005, the 12th update of the Genetic Map of human obesity 
was carried out, and subsequently 426 studies reported positive 
associations between obesity and 127 candidates genes.9

Twin studies compared to family and adoption studies have 
provided evidence of a moderate to high heritability for BMI , but 
monogenic causes of obesity are rare.10 In most people, genetic 
mechanisms involved in the predisposition to obesity are polygenic.
More than have been identified 100 “ polygenic” harboring genetic 
variants associated with body weight regulation. This means that 
obesity will develop if an individual harbors multiple polygenic 
variants linked to increased body weight. However, the same variants, 
albeit at a much lower frequency, can also be found in normal-weight 
individuals.11 The specific set of polygenic variants relevant to obesity 
in one individual is likely to differ from another obese individual.

Recent advances in clarifying the polygenic predisposition to 
obesity point to an important role for the central nervous system in 
regulating body weight, as many of the genes located in or close to 
regions associated with obesity are highly expressed in the central 
nervous system and appear to be involved on appetite, satiety,energy 
expenditure and behavior.12 The first genetic association studies, 
(Genome-wide association studies (GWAS)) identified that the (FTO) 
gene ( gene linked to obesity tendency) is highly expressive in the 
hypothalamus, pituitary and adrenal glands ( glands involved in 
body weight and satiety regulation).13 Several polymorphisms in the 
FTO gene have been associated with obesity in children and adults.14 
A common risk variant for obesity rs9939609 in the FTO gene has 
been linked to reduced satiety,15 and higher energy intake in adults.16 
Another gene that is a strong candidate for obesity is MC4R, which 
is expressed in neurons of the hypothalamus and is essential for the 
regulation of energy intake and expenditure. The MC4R rs17782313 
polymorphism has been widely studied, finding a significant 
association with the risk of obesity (OR = 1,18, 95% IC = 1,15-1,21, p 
< 0,1) in the systematic review and meta-analysis carried out by XI et 
al.,14 The exact mechanism by which the rs17782313 polymorphism 
may be associated with the obesity is still unknown. However, 
this variant has been linked to increased hunger and increased 
appetite in adults. Other obesity genes identified by GWAS, such as 
KCTD15,MTCH2,NEGR1 and BDNF, have also been associated 
with changes in food intake and BMI.

Effectiveness of nutrition education
The development of information and communication technologies 

(ICT) has made us a global information society. It’s diffusion in all 
social dimensions, including education, led to the breaking of old 
paradigms traditionally established over a century in the field of 
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formal education. ICT have made it possible to move easily between 
various formal and non-formal educational contexts, eliminating 
the distinction between distance and presence. But the integration 
of ICT and its use as a pedagogical tool has been implying change, 
transformation and innovation in pedagogical practices. Thus, formal 
education contexts must be accompanied by reflections on new 
practices of appropriation, construction and production of knowledge.

Several interventions that use technology to prevent obesity have 
been tested in and out of the school environment, and had a positive 
influence on healthy behaviours.16,17 The massive use of computers and 
smartphones connected to the internet inside and outside the school 
allowed many pedagogical possibilities (teaching and learning), 
with flexible and individual management of the time used with these 
technologies.

Much research has been carried out in recent years to analyse the 
impact of community school interventions on eating behavior, but 
also on the specific knowledge that adolescents have or maintain 
about nutrition and healthy lifestyles.

In general, studies on this topic show encouraging results on the 
effectiveness of using ICT in nutritional education and changing 
eating habits. In fact, this approach proved to be more attractive to 
adolescents than traditional strategies,18 providing flexible use in 
different social or school contexts and estimulating the search for 
knowledge. 

Conclusion
The study of obesity is a very complex and multifactorial topic. 

In fact, the amount of food eaten does not always explain the BMI 
of a given individual. There is currently references of genes and 
environment, but also of neuroendocrine mechanisms that could 
influence appetite, (eating solid foods, consistency of those solids, 
amount of daily protein, density of a specific food and so on). There 
is also increasing talk about the importance of microbiota (colonies 
of intestinal bacteria) and their ability to absorb or eliminate certain 
nutrients, which can have a major influence on weight.

On the other hand, in order to have an adequate diet, it is necessary 
to have knowledge and this knowledge has to be learned as soon as 
possible. 

Probably, the beginning of adolescence, when young people begin 
to be less dependent, and specially at school, a mandatory place for all 
young people, is the most appropriate time and place. This learning 
process has to be mediated by ICT, inseparable companions of today’s 
young people and that allow a potential bidirectional interaction.19

Acknowledgments
None.

Conflicts of interest
The authors declare that there are no conflicts of interest.

References
1. Ross SE, Flynn JI, Pate RR. What is really causing the obesity 

epidemic? a review of reviews in children and adults. J Sport Sci. 
2016;34(12):1148–1153.

2. Faith MS, Kral TVE. Social environment and genetic influences on 
obesity and obesity-promoting behaviors: fostering research integration. 
Hernandez L, Blazer D Eds. Genes, behavior, and the social environment: 
moving beyond the nature/nurture debate, National Academies Press, 
Washington DC. 2006;237–238.

3. Kearney J. Food consumption trends and drivers. Philosophical Transac 
Royal Soc B Biol Sci. 2010;365(1554):2793–2807. 

4. Fleming JA, Kris-Etherton PM. Macronutrient content of the diet: what 
do we know about energy balance and weight maintenance?. Curr Obes 
Rep. 2016;5:208–213.

5. Wang YQ, Zhang YQ, Zhang F. Increased eating frequency is associated 
with lower obesity risk, but higher energy intake in adults: a meta–
analysis. Int J Environ Res Public Health. 2016;13(6):603. 

6. Ohkuma T, Hirakawa Y, Nakamura U. Association between eating 
rate and obesity: a systematic review and meta-analysis. Int J Obes. 
2015;39:1589–1596. 

7. Li Y, Wang C, Zhu K, et al. Effects of multivitamin and mineral 
supplementation on adiposity, energy expenditure and lipid profiles in 
obese chinese women. Int J Obes. 2010;34:1070–1077.

8. Bray GA, York DA. Leptin and clinical medicine: a new piece in the 
puzzle of obesity. J Clin Endocrinol Metabol. 1997;82:2771–2776. 

9. Rankinen T, Zuberi A, Chagnon YC, et al. The human obesity gene map: 
the 2005 update. Obesity. 2006;14(4):529–644. 

10. Ells LJ, Demaio A, Farpour-Lambert N. Diet, genes, and obesity. BMJ. 
2018;360:k7. 

11. Hinney A, Giuranna J. Polygenic Obesity. In: Freemark MS, Ed. 
Pediatric obesity, springer international publishing, Cham. 2018;183–
202. 

12. Herrera BM, Lindgren CM. The genetics of obesity. Curr Diabetes Rep. 
2010;10:498–505. 

13. Kirac D, Kasimay Cakir O, Avcilar T, et al. Effects of MC4R, FTO, 
and NMB gene variants to obesity, physical activity, and eating behavior 
phenotypes. IUBMB Life. 2016;68(10):806–816. 

14. Peng S, Zhu Y, Xu F. FTO gene polymorphisms and obesity risk: a meta-
analysis. BMC Medicine. 2011;9:71. 

15. Wardle J, Carnell S, Haworth CMA, et al. Obesity associated genetic 
variation in FTO is associated with diminished satiety. J Clin Endo 
Metabol. 2008;93(9):3640–3643. 

16. Speakman JR, Rance KA, Johnstone AM. Polymorphisms of the FTO 
gene are associated with variation in energy intake, but not energy 
expenditure. Obesity. 2008;16(8):1961–1965. 

17. Xi B, Chandak GR, Shen Y, et al. Association between common 
polymorphism near the mc4r gene and obesity risk: a systematic review 
and meta-analysis. Plos ONE. 2012;7(9):e45731. 

18. Bauer F, Elbers CC, Adan RA, et al. Obesity genes identified in genome-
wide association studies are associated with adiposity measures and 
potentially with nutrient-specific food preference. Am J Clin Nutri. 
2009;90(4):951–959.  

19. Damásio MJ. Tecnologia e educação: as tecnologias da informação e da 
comunicação e o processo educativo. Vega, Lisboa. 2007.

20. Di Noia J, Contento IR, Prochaska JO. Computer-mediated intervention 
tailored on transtheoretical model stages and processes of change 
increases fruit and vegetable consumption among urban african-
american adolescents. Am J Health Promot. 2008;22(5):336–341. 

21. Rees G, Bakhshi S, Surujlal-Harry A, et al. A computerised tailored 
intervention for increasing intakes of fruit, vegetables, brown bread 
and wholegrain cereals in adolescent girls. Public Health Nutrition. 
2010;13(8):1271–1278. 

22. Tallon JM, Silva AJ, Costa AM. Obesity in adolescence-from etiological.
variability to interventional efficacy in the school context. Biomet 
Biostat Int J. 2020;9(1):22–26.

https://doi.org/10.15406/jnhfe.2023.13.00372
https://www.tandfonline.com/doi/full/10.1080/02640414.2015.1093650
https://www.tandfonline.com/doi/full/10.1080/02640414.2015.1093650
https://www.tandfonline.com/doi/full/10.1080/02640414.2015.1093650
https://www.ncbi.nlm.nih.gov/books/NBK19935/
https://www.ncbi.nlm.nih.gov/books/NBK19935/
https://www.ncbi.nlm.nih.gov/books/NBK19935/
https://www.ncbi.nlm.nih.gov/books/NBK19935/
https://www.ncbi.nlm.nih.gov/books/NBK19935/
https://royalsocietypublishing.org/doi/10.1098/rstb.2010.0149
https://royalsocietypublishing.org/doi/10.1098/rstb.2010.0149
https://link.springer.com/article/10.1007/s13679-016-0209-8
https://link.springer.com/article/10.1007/s13679-016-0209-8
https://link.springer.com/article/10.1007/s13679-016-0209-8
https://www.mdpi.com/1660-4601/13/6/603
https://www.mdpi.com/1660-4601/13/6/603
https://www.mdpi.com/1660-4601/13/6/603
https://www.nature.com/articles/ijo201596
https://www.nature.com/articles/ijo201596
https://www.nature.com/articles/ijo201596
https://www.nature.com/articles/ijo201014
https://www.nature.com/articles/ijo201014
https://www.nature.com/articles/ijo201014
https://onlinelibrary.wiley.com/doi/full/10.1038/oby.2006.71
https://onlinelibrary.wiley.com/doi/full/10.1038/oby.2006.71
https://www.bmj.com/content/360/bmj.k7
https://www.bmj.com/content/360/bmj.k7
https://link.springer.com/chapter/10.1007/978-3-319-68192-4_10
https://link.springer.com/chapter/10.1007/978-3-319-68192-4_10
https://link.springer.com/chapter/10.1007/978-3-319-68192-4_10
https://link.springer.com/article/10.1007/s11892-010-0153-z
https://link.springer.com/article/10.1007/s11892-010-0153-z
https://iubmb.onlinelibrary.wiley.com/doi/10.1002/iub.1558
https://iubmb.onlinelibrary.wiley.com/doi/10.1002/iub.1558
https://iubmb.onlinelibrary.wiley.com/doi/10.1002/iub.1558
https://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-9-71
https://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-9-71
https://onlinelibrary.wiley.com/doi/full/10.1038/oby.2008.318
https://onlinelibrary.wiley.com/doi/full/10.1038/oby.2008.318
https://onlinelibrary.wiley.com/doi/full/10.1038/oby.2008.318
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0045731
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0045731
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0045731
https://www.sciencedirect.com/science/article/pii/S0002916523232669?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0002916523232669?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0002916523232669?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0002916523232669?via%3Dihub
https://journals.sagepub.com/doi/10.4278/ajhp.22.5.336
https://journals.sagepub.com/doi/10.4278/ajhp.22.5.336
https://journals.sagepub.com/doi/10.4278/ajhp.22.5.336
https://journals.sagepub.com/doi/10.4278/ajhp.22.5.336
https://www.cambridge.org/core/journals/public-health-nutrition/article/computerised-tailored-intervention-for-increasing-intakes-of-fruit-vegetables-brown-bread-and-wholegrain-cereals-in-adolescent-girls/3F4F790496344104100B63F2B915AD10
https://www.cambridge.org/core/journals/public-health-nutrition/article/computerised-tailored-intervention-for-increasing-intakes-of-fruit-vegetables-brown-bread-and-wholegrain-cereals-in-adolescent-girls/3F4F790496344104100B63F2B915AD10
https://www.cambridge.org/core/journals/public-health-nutrition/article/computerised-tailored-intervention-for-increasing-intakes-of-fruit-vegetables-brown-bread-and-wholegrain-cereals-in-adolescent-girls/3F4F790496344104100B63F2B915AD10
https://www.cambridge.org/core/journals/public-health-nutrition/article/computerised-tailored-intervention-for-increasing-intakes-of-fruit-vegetables-brown-bread-and-wholegrain-cereals-in-adolescent-girls/3F4F790496344104100B63F2B915AD10
https://clinicadrtallon.com/wp-content/uploads/2020/04/Obesity_in_adolescence-from_etiological_variability_to_interventional_efficacy_in_the_school_context.pdf
https://clinicadrtallon.com/wp-content/uploads/2020/04/Obesity_in_adolescence-from_etiological_variability_to_interventional_efficacy_in_the_school_context.pdf
https://clinicadrtallon.com/wp-content/uploads/2020/04/Obesity_in_adolescence-from_etiological_variability_to_interventional_efficacy_in_the_school_context.pdf

	Title
	Introduction
	Classification and etiology of obesity 
	Nutrition and obesity 
	The genetics of obesity 
	Effectiveness of nutrition education 
	Conclusion
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1 

