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    Diabesity is a recently coined term that encompasses two closely related concepts, obesity and diabetes. It is currently a worldwide epidemic, both in industrialized and developing countries, with devastating consequences in terms of life, social and economic costs.




    Strategies for the prevention and treatment of obesity and insulin resistance are mainly associated to lifestyle modifications, including healthy hypocaloric dietary treatments and the increase in physical activity.




    The important role played by the acquisition of certain eating patterns from childhood onwards and how these are influenced by psychological factors in the adulthood is becoming evident. In this book, we will focus on the emotional mechanisms behind food choices and their importance for the acquisition of individual eating patterns.




    Dietary interventions aim to reduce body weight and fat mass in order to reduce obesity and related pathologies as diabetes regarding insulin resistance. The dietary guidelines differ between countries and the book discusses them, highlighting their similarities and differences. In this context, the concept of sustainable diet has recently emerged, referring to those diets protective and respectful of ecosystems, safe and healthy, that optimize natural resources.




    Moreover, meta-inflammation is among the mechanisms that link obesity and type 2 diabetes. It is characterized by a chronic, low-grade inflammation, with relatively high levels of pro-inflammatory cytokines as IL-6 or TNF-α, associated with a metabolic implication of adipose tissue. Regarding inflammation and its downregulation by dietary patterns, the Mediterranean Diet is characterized by low intake of meat (especially red meat), refined grains, and saturated fats, and is mainly based on the intake of whole cereals, legumes, fruit and vegetables, providing bioactive compounds able to modulate stress-response pathways, upregulating antioxidant enzymes.




    The book also shows the potential of some medicinal plants with antidiabetic properties, as Helianthus tuberosus and Momordica charantia, rich in inulin and insulin-like peptides, respectively, which are responsible for their effect on glucose control. The main families of phytochemical compounds with a proven beneficial role against diabesity are described, including flavonoids, phenolic acids, xanthines, and triterpenes, among others. The combined consumption of all of them can enhance their action at different levels and this consumption occurs preferably through food, in reduced amounts over the years.




    Moreover, the study of the microbiota is studied in another chapter. Obesity and type 2 diabetes are associated with changes in the intestinal microbiota (dysbiosis), leading to metabolic alterations in plasmatic lipids and glucose. In particular, changes in the Firmicutes to Bacterioidetes ratio have been considered as a marker for obesity complications, as well as the reduced diversity of microbiota populations. Gut microbiota is a novel target for the management of diabesity and dietary interventions are generally accompanied by changes in microbiota composition and metabolic improvements.




    Management and study of factors involved in the physiopathology of Diabesity require the use of robust and sensitive techniques, including metabolomics, genomics and microbiome analysis. The latest advances in the techonologies and laboratory equipment are critically assessed. The last chapter summarizes the new strategies aimed to fight against Diabesity, from a holistic approach. This includes actions based on the latest research in psychology on the factors that influence food choices. New advances in the Pharmacology area are reviewed, as this approach becomes crucial when nutritional of physical activity regimes have failed.




    We owe special thanks to all the authors for their valuable chapters that have made possible the publication of this book. We also thank the editorial staff of Bentham Science for their assistance and support.
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      Abstract




      is a multifactor disease resulting from the interaction of multiple genetic and environmental factors, such as sedentary lifestyle and the diet of the individual. On the other hand, diabetes mellitus is a complex metabolic disease that involves multiple organ systems, and it is characterized by chronic hyperglycemia due to a defect in the glycemic regulation as a result of insulin secretion, its actions or both. Combined, these diseases provide the concept of diabesity, which is defined as the alloy of type II diabetes and obesity, with or without associated risk factors. Obesity encourages diabetes, and both diseases are considered two global epidemics of the modern age that show no signs of decreasing their prevalence and contribute to cardiovascular diseases, the leading cause of death worldwide. This chapter is aimed to characterize both physiopathology and impact on health to understand their management and treatment.
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      INTRODUCTION




      Diabesity is defined as the combination of type II diabetes mellitus (T2DM) and obesity, with or without risk factors associated with dyslipidemia and hypertension [1]. Obesity feeds diabetes and both diseases are considered two modern twin epidemics that show no signs of decreasing their prevalence and contribute to cardiovascular disease, the leading cause of death worldwide [2]. Decades ago, these common non-communicable diseases were linked to developed countries but currently are now common in developing countries.




      Obesity is defined by the World Health Organization (WHO) as an abnormal or excessive accumulation of fat that presents a risk factor for health [3]. Body mass




      index (BMI) (kg/m2) is a raw value determining obesity. In adults, a person with a BMI ≥ 30 kg/m2 is considered obese and a person between the previous value and ≥ 25 kg/m2 is considered overweight.




      Diabetes mellitus, also known simply as diabetes, is a serious, chronic, and complex metabolic disorder with multiple etiologies and profound chronic and acute consequences [4]. Diabetes is a public health issue in both developed and developing countries, which implies a significant socioeconomic challenge worldwide. Diabetes is a multifactorial disease in which genetic and environmental factors contribute significantly to its development. During the development of diabetes, the body is unable to adequately metabolize sugar because insulin acts poorly in the tissues due to insensitivity or deficiency of it. Insulin is an anabolic peptide hormone that regulates the metabolism of sugar in the blood. Its structure is presented in Fig. (1).




      
[image: ]


Fig. (1))


      Primary structure of human insulin.



      The inability of insulin to regulate blood sugar occurs when the pancreas produces not enough insulin or when the organism is unable to effectively use the insulin produced. The physiological response to this situation is that the organism decomposes its own macromolecules, fat, proteins, and glycogen to produce glucose. This leads to high levels of blood glucose and excess production of ketonic bodies in the liver [5, 6].




      There are several types of insulin misbalance described, type 1 diabetes mellitus (T1DM) and T2DM being the best known and studied (Fig. 2). T1DM is known as insulin-dependent diabetes and is mainly due to the destruction of the pancreatic beta islets, which leads to poor insulin production [7]. Patients with T1DM are prone to a ketoacidosis situation and need the daily administration of insulin to control their blood glucose levels. They need the exogenous administration of insulin to survive. T1DM is often the result of a complex interaction between genes and environmental factors, although there is little evidence that specific environmental factors cause a significant number of cases. Epidemiological and in vivo experimental studies with the aim of studying exposure to environmental chemicals and their roles in the development of T1DM show that multiple factors can intervene, such as the dose and time of exposure, nutritional status and metabolism [8]. Most cases of T1DM occur in children and adolescents [6].
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Fig. (2))


      The difference between how insulin and cells work in someone without diabetes and people with type 1 and type 2 diabetes mellitus. In type 1 diabetes mellitus, not enough insulin is produced, and in type 2 diabetes mellitus, insulin does not respond efficiently.



      On the other hand, T2DM, also known as non-insulin dependent diabetes, is the most prevalent type of diabetes in the world. This disease is characterized by the inefficient use of insulin (insulin resistance) and hyperglycemia [9,10]. It has a multifactorial origin, where ethnicity, family background of diabetes, and gestational diabetes are combined with other factors such as advanced age, overweight and obesity, unhealthy diet, physical inactivity, and increased smoking. The symptoms developed by the patient with T2DM can be similar to those of T1DM, though often are less noticeable or absent [7]. This means that T2DM may not be diagnosed until complications arise anddetected years after its onset. Globally, most people with diabetes are affected by T2DM (90% approximately), which generally affect adults almost always, moreover, its prevalence in children is increasing [6].




      In the following sections of this chapter, the physiopathology, epidemiology and its impact on the health of obesity and diabetes will be discussed, along with the path from obesity to diabetes, its prevention and therapy.


    




    

      PHYSIOPATHOLOGY OF OBESITY




      In general terms, obesity is produced by an imbalance between the energy ingested and the energy expended. However, today it is known that obesity is a multifactorial disease resulting from the interaction of multiple genetic factors and environmental factors such as sedentary lifestyle and constitution of the diet [11]. The essential difficulty of defining the pathogenesis of obesity lies in need to integrate molecular, genetic, behavioral, developmental, and environmental factors [12] in its definition [13] (Fig. 3).
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Fig. (3))


      Factors that can influence the chronic positive energy balance, thus subsequently causing obesity.



      Food consumption stimulates the activation of gastrointestinal signals carried out by mechanical extension, paracrine hormones, nutrients that modulate appetite through various neurotransmitters, intestinal peptides and amino acids. In addition, the autonomous nervous system and several circulating hormones have been implied in the metabolic response to the absorption and metabolism of food and nutrients. This affects appetite, thermogenesis, and fat deposits, among other processes [14]. Studies from the 1990s show that both normal-weight and obese individuals have homeostatic mechanisms that make them resistant to exaggerated weight gain, increasing energy expenditure [15]. However, what has been attempted to elucidate is the importance of each of the factors in what subsequently results in an excessive increase of fat mass.




      One of such factors lies on the observation of obesity as a low-grade chronic inflammatory disorder, which is also the trigger of other metabolic disorders [16]. The main characteristic is the increase in the size of white adipose tissue, which is an active element in the regulation of immune and inflammatory processes, among others [17]. About a third of the cells in the adipose tissue are adipocytes, and the others are represented by fibroblasts, endothelial cells, macrophages, stromal cells, immune cells and pre-adipocytes. In thin and healthy people, adipose tissue is constrained to defined deposits, although in the obesity condition, the fat mass increases ectopically [18]. Thus, the hypertrophy of the adipocytes is related to an increase in the infiltration of macrophages [19]. These structures actively participate in the endocrine signals of the adipose tissue, which produces and releases pro and anti-inflammatory factors such as leptin, adiponectin, resistin, cytokines and chymosins such as TNF-α, IL-6 and MCP-1 [20]. This overexpression of cytokines in obesity is what is considered the link between inflammation and obesity.




      On the other side, the role of the intestinal microbiota has been extensively studied. It is known that the microbiota of obese people is less diverse than that of non-obese people and specifically, they have an increased proportion of Firmicutes and a decreased proportion of Bacteroidetes [16]. This difference could be directly associated with diet composition. For instance, it is known that subjects who inhabit the United States have a less diverse microbiota than native Venezuelans [21]. The above is reproduced in studies that associate certain characteristics of the diet rich in simple sugars, high in saturated fats and low in fiber or high in probiotics with different types of microbiota. These changes in the composition of diets, can alter the composition of species of the intestinal flora [22].




      Susceptibility to obesity is also determined by genetic factors. Since the sequencing of the human genome, several SNP genes (single nucleotide polymorphism) have been associated with obesity. The first of them, FTO (fat mass and obesity-associated gene), has shown that each risk allele is associated with an increase in BMI, weight, waist circumference and adiposity in children and adults [23]. To date, genes for non-syndromic obesity have been associated with both monogenic obesity (e.g. POMC, NPY, LEP, LEPR, MC3R, MC4R, FTO, PCI, and ghrelin receptor) and polygenic obesity (e.g. UCP1, UCP2, UCP3, ADRB1, ADRB2, ADRB3, and SLC6414) [24].




      In any case, an obesogenic environment is necessary for its phenotypic expression. The genome-wide association studies (GWAS) found that only about 3% of the BMI variability can be explained by common single nucleotide polymorphisms [25]. Therefore, environmental factors could modulate gene expression, favoring the appearance of obese genotype, establishing that there are critical periods of susceptibility such as pregnancy and early childhood. For example, excessive weight gain during pregnancy and maternal obesity confers greater susceptibility to obesity in adulthood for such offspring [26]. Diet and physical activity can also modulate the expression of certain genes implied in obesity, as well as high amounts of energy, fat, sugars, fried foods, sugary drinks, alcohol and sedentary lifestyle increase the impact of genetic risk [27]. In addition, socioeconomic, behavioral, stress and smoking factors can also modulate heritability conditions and influence genetic predisposition [28].




      This makes the pathogenicity of obesity difficult to define since only the interaction of a number of factors is capable of explaining the explosive increase of the prevalence of obesity in the last 40 years.


    




    

      IMPACT OF OBESITY ON HEALTH




      Obesity is a significant risk factor since it is associated with a series of medical conditions that may contribute to increased morbidity and mortality. The link between cardiovascular diseases and diabetes is well known, and hence, the term diabesity, though the implications of obesity are multiple [29]. In addition, obesity is associated with diseases such as osteoarthritis, various types of cancer, kidney and liver disease, sleep apnea, depression, gastroesophageal reflux disease, colorectal polyps, non-alcoholic fatty liver and cirrhosis, among others [30].




      Although the growing obesity pandemic has received great attention worldwide, the effects on the morbidity burden remain uncertain. Obesity represents a major health challenge because it substantially increases the risk of diseases, contributing to decreased quality of life. It is also associated with unemployment, social disadvantages, and reduced socioeconomic productivity, thus creating an increased economic burden for the countries. For instance, osteoarthritis, a common consequence of obesity, is one of the leading causes of disability and early retirement [13].




      Despite the substantial effects of obesity, weight loss can become a significant reduction in risk for most associated morbidities [31].




      Until now, prevention and treatment strategies of obesity both at the individual and population level have not been successful in the long term [13]. Although, at first glance, it is the responsibility of each individual, the behavioral changes (including diet changes and patterns of physical activity) are more likely to occur when supported by social and environmental changes. Such behavioral changes could be inefficient in the absence of support measures in various sectors. Therefore, regulatory actions by governments and greater efforts by companies and civil society are necessary to envision better results [32].


    




    

      EPIDEMIOLOGY OF OBESITY




      Obesity is a global pandemic that affects a billion people worldwide. Estimates from the World Health Organization (WHO) predict that this figure will reach 3.3 billion by 2030 [33].




      Between 1980 and 2015, the prevalence of overweight increased by 12.5%. Similarly, the prevalence of obesity increased by 7.5% between the same years and although a decrease in the differences between the sexes was evidenced in recent years, women have a prevalence of obesity greater than men [34]. In 2018, the prevalence of obesity in women was 15%, and 11% in men [35]. Currently, it is estimated that the prevalence of obesity in the world is 30% [36] (Fig. 4).
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Fig. (4))


      Global prevalence of obesity [36].



      According to the data provided by the OECD Health at a Glance in 2019 [37], among the OECD countries, the Chilean adult population would have the highest percentage of overweight and obesity, with 74.2%, followed by Mexico (72.5%), United States (71%) and Portugal (67.6%). It is also indicated that 31% of children between 5 and 9 years old who live in OECD countries are overweight. This figure increases to 40% in countries, such as the United States, Italy, New Zealand and Greece.




      In Latin America, the prevalence of overweight increased from 45.3% in 1980 to 64.2% in 2015; and obesity increased from 12.9% to 28.3%. On the other hand, in Europe, the prevalence of overweight increased from 48% in 1980 to 59.6% in 2015; and obesity, from 14.5% in 1980 to 22.9% in 2015. Likewise, the prevalence of overweight in South Africa increased from 49.4% in 1980 to 57-8% in 2015, whereas in Ethiopia, it increased from 7.1% in 1980 to 15.9% in 2015 [34].




      According to WHO data worldwide, 41 million children between the ages 0 and 5 years are overweight or obese and this figure has increased to 340 million in children aged between 5 and 19 years [38]. An analysis published by LANCET in 2017 shows that in the world, between 1975 and 2016, the average BMI in children increased from 16.8 to 17.2 kg/m2, respectively [39].




      In the United States, the cost of treating obesity and its comorbidities was estimated to be 76% higher than the costs of health care for patients with normal BMI [40]. It was also estimated that the cost per person of staying with a high BMI for a lifetime was € 4,209 for men and € 2,445 for women. This was equivalent to 145 billion euros of extra cost for the entire German population at the time of publication of the study [41].


    




    

      PHYSIOPATHOLOGY OF DIABETES MELLITUS




      Diabetes is a complex metabolic disease that involves organ systems and is characterized by chronic hyperglycemia. This is due to a defect in the glycemic regulation due to alterations of the insulin secretion, its action, or both [42]. Insulin is a peptide hormone (Fig. 1) produced by the pancreas; the only one identified capable of eliminating glucose from the blood. Therefore, it has an important role in regulating human metabolism [43, 44]. Insulin acts on the insulin receptor, a membrane-bound tyrosine kinase, which reduces glucose concentrations in the blood by promoting its absorption while suppressing hepatic glucose production [44, 45]. In diabetes, cells are unable to metabolize glucose appropriately due to the inefficient action of insulin on target tissues due to the insensitivity or lack of it [46, 47]. The incapacity of insulin to metabolize glucose occurs when the beta cell of the pancreas produces insufficient insulin or when the organism is unable to use the insulin effectively [44, 48, 49]. This results in insufficient insulin production or the resistance to insulin in the organism, causing a reduced absorption of glucose in the tissues and reduced effect of incretin in the intestine, which results in intracellular hypoglycemia and extracellular hyperglycemia [6]. Intracellular hypoglycemia causes glucogenesis and gluconeogenesis because it leads to fat breakdown, causing diabetic ketoacidosis and decreasing protein synthesis and gamma globulins. This causes cachexia, polyphagia, and poor healing. On the other hand, extracellular hyperglycemia leads to a hyperglycemic coma and osmotic diuresis [50]. More recently, it has been suggested that catecholamines, vitamin D, the renin-angiotensin system, and testosterone may also affect diabetes [42].


    




    

      IMPACT OF DIABETES MELLITUS ON HEALTH




      Long-term elevation of blood glucose levels causes symptoms such as polydipsia, polyuria, polyphagia, blurred vision, and loss of body weight. These are associated with micro and macrovascular complications that lead to dysfunction and failure of various organ systems (cardiovascular, ocular, renal and nervous systems), causing heart disease, stroke, blindness, amputations and kidney disease, Alzheimer’s and some types of cancer, among others. These conditions could cause disability and premature death [8, 48, 51, 52]. The magnitude of the damage caused by hyperglycemia in the organ systems could be related to the time of onset and diagnosis of the pathology [48, 53], taking into account that 1 in 2 adults with diabetes is not diagnosed (232 million people in 2019) [54].




      Other findings are related to the “metabolic memory” of the human body, where prolonged periods of exposure to high levels of glucose persistently break down the fibrotic and inflammatory genes in smooth muscle epithelial and vascular cells [55]. In addition, there are epigenetic processes that can contribute to this metabolic memory with evidence that post-translational histones and changes in micro RNA may persist after exposure to high levels of glucose is finished. This suggests a lasting adverse effect of previous hypoglycemia [56]. On the other hand, recent studies evidence a reduction in the quality of life of people with high fasting glucose, impaired glucose tolerance, and T2DM compared to those who do not have it. This is because these people present greater body pain, less physical functioning, sensory deficit, and deterioration of general, mental and vitality health than those without it [30, 57-59].




      In this regard, a study noted that the elimination of diabetes as a risk factor for morbidity and mortality extends both general life expectancy and health-adjusted life expectancy for men in 1.3 and 1.4 years and for women in 2.0 and 1.7 years, respectively. In addition, patients with diabetes had a significantly lower health-related quality of life than those without diabetes [7]. However, many of the cases with T2DM could be prevented with lifestyle changes, including maintaining a healthy body weight, consuming a healthy diet, staying physically active, not smoking and drinking alcohol moderately [60].


    




    

      EPIDEMIOLOGY OF DIABETES MELLITUS




      Prevalence and incidence of diabetes worldwide are increasing. It is characterized by being a multifactorial disease that can be attributed in part to the aging of the population, changes in lifestyles linked to greater urbanization, sedentary behavior, and unhealthy eating patterns that have high levels of red meat and processed meat, refined grains and sugary drinks. All this leads to increased obesity [60, 61]. It is estimated that 1in 11 adults has diabetes mellitus (90% has T2DM) (Fig. 5). And Asia is the epicenter of this global epidemic of T2DM [62].
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Fig. (5))


      Global prevalence of diabetes [62].



      Globally, the International Diabetes Foundation (IDF) estimated that by 2017 there were 451 million people with diabetes (aged between 18 to 99 years). These numbers are expected to increase to 693 million by 2045. In addition, it is estimated all people (49.7%) who live with diabetes have not been diagnosed. Approximately 5 million deaths worldwide in 2017 were attributable to diabetes in the age range of 20-99 years. Likewise, the world health spending in people with diabetes was US$850 billion in the same year [63].




      Regarding the global distribution of diabetes, the highest prevalence of this disease adjusted by age in adults aged 18-99 years was found in the North American and the Caribbean region, with 0.8% (IC 9.1-2.3), whereas the lowest was in the African region, with 4.2% (IC 2.7–7.7%). However, the highest number of people who live with diabetes was found in the Western Pacific region (which hosts countries such as Australia, Japan and China, among others), in this region, there were 168.4 million people with diabetes (IC 149.7–210.9). This shows that this region of the world hosts 37% of the world population with diabetes. Globally, about 79% of people with diabetes live in low and middle-income countries [63]. Among these regions, the countries with the highest number of adults with this pathology are China with 16.4 million people; India, 77 million people; Pakistan with 19.4 million people; Brazil, 16.8 million people; Mexico, 12.8 million people, Indonesia, 10.7 million people, Germany, with 9.5 million: Egypt, 8.9 million and Bangladesh, with 8.4 million people. This trend is expected to continue until 2030. By 2045the number of people with diabetes in Pakistan is expected to exceed that of the United States of America, bringing that country to third place [54].




      Regarding sex, the prevalence of diabetes among women aged 18-99 years by 2018 was estimatedat 8.4%, which is lower than in men (8.9%). There were about 12.3 million more men (231.7 million) than women (219.3) living with diabetes. The prevalence of diabetes in both men and women is expected to increase by 2045 [63].




      Diabetes affects people in developed and developing countries, which means a significant socioeconomic challenge [64]. The IDF estimates that the global cost of diabetes was US$ 673 billion in 2015, which is projected to increase to US$ 802 billion in 2040. A study estimated that the overall cost of diabetes treatment is US$1,31 billion/year, an estimate that takes into account both direct costs and production loss due to morbidity or premature mortality. In this regard, three out of four people who live with diabetes (352 million) are inactive age (this means between 20 and 64 years of age). This number is expected to increase to 417 million by 2030 and 486 million by 2045. This generates an increasing human impact and will exert strong and increasing pressure on the productivity and economic development of all countries of the world in the coming decades. In addition, health expenditure due to diabetes should be considered. Deaths due to this pathology present a great social, financial, and health system burden. Globally, 11.3% of the deaths are caused by diabetes. Almost half of these deaths occur in people under the age of 60 [54].


    




    

      FROM OBESITY TO DIABETES




      The increased prevalence of T2DM and the prevalence of obesity are closely linked and their extension is mainly attributed to inefficiency and resistance to insulin (Fig. 6) [65]. Obesity causes an increase in the plasmatic levels of free fatty acids (FFA) [66, 67], increasing their cellular uptake and subsequent mitochondrial β-oxidation. This blocks glucose metabolism at a subtracted level of competition [67]. This implies a predominant weight of FFAs at the expense of glucose, decreasing the glucose absorption and glycogen synthesis in the muscle, thus causing a state of chronic, toxic hyperglycemia (glucotoxicity) that further impairs insulin sensitivity [68]. In addition, it increases mitochondrial production of toxic reactive lipids that cause oxidative damage, inflammation, and cellular dysfunction. An accumulation of toxic metabolites within the beta cells of the pancreatic islet decreases insulin production and increases apoptosis of the beta cells, causing an acceleration of the diabetes disease [65, 67]. Hyperglycemia and hyperinsulinemia associated with insulin resistance and glucose intolerance produce glycation of circulating proteins and compounds that leads to advanced glycation and a pathological situation. In addition, the chronic inflammation characteristic of obesity contributes to the pathogeny of diabetes [69, 70]. All of the above leads to a secreting failure of pancreatic and apoptotic beta cells.




      
[image: ]


Fig. (6))


      Mechanisms involved in the path between obesity and diabetes.

    




    

      PREVENTION AND THERAPY




      Strategies for preventing, improving, and treating obesity and insulin resistance are associated with reducing fat mass [70]. Lifestyle modifications such as a healthy diet, controlling caloric intake, and increasing physical activity are the first line of treatment, whereas the use of drugs against obesity and bariatric surgery is recommended in cases of need for loss of excessive weight.




      There are significant differences between the management of T1DM and T2DM. The latter can be easily prevented and treated, whereas T1DM cannot be prevented with the current knowledge. Diabetes management is complex and requires a multidisciplinary approach, including primary prevention by promoting a healthy diet and a lifestyle with physical activity. In the management of T2DM, diet and physical activity play a fundamental role in achieving the therapeutic in achieving objectives of normoglycemia and normolipidemia. However, not all patients manage to control their diabetic condition with only changes in their diet and lifestyle [71].




      The main objective of diabetes treatment is to maintain blood glucose within a normal range. In the long term, a regular and successful treatment decreases the risk that patients develop complications associated with diabetes and is key for the patient to live with the disease. In T1DM, the treatment is a daily and complex task that requires a carefully calculated diet, planned physical activity, multiple daily injections of insulin, and home blood glucose tests a few times a day. In the case of T2DM, treatment includes diet control, exercise, blood glucose analysis, and in some cases, oral medications and/or insulin.




      Pharmacological treatment for T2DM was started with the sulphonylurea compounds, which act by stimulating the exocytosis of insulin granules by means of membrane depolarization of beta cells [72]. The effect of these drugs is independent of glucose levels, which increases the risk of hypoglycemia [73]. In addition, sulphonylureas together with other drugs, including metformin, do not prevent the loss of functionality of the beta cells [74]. Incretins are increasingly used in the clinical practice for the treatment of T2DM, since they enhance the dysfunction of beta cells, improving the insulin secretion against a need for glucose and nutrients [75, 76]. Other novel drugs are aimed to target molecules and biochemical pathways involved in the development of insulin resistance, including glucocorticoid receptors inhibitors and factors that reverse and restore stress to the endoplasmic reticulum [70, 77].




      Many studies have reported the beneficial effects of physical activity on improving the metabolic profile in obesity and diabetes [78]. Likewise, better glycemic control [79-82], lipid profile [80, 81, 83], cardiovascular fitness [81, 83], antioxidant and inflammatory status [84, 85], quality of life [86], adiposity [82, 87] and aterogenic progression [85] have been shown. The American Diabetes Association (ADA) [88] recommends diet, physical activity, and behavioral therapy so that patients with T2DM with overweight or obesity achieve and maintain weight loss ≥ 5%. Furthermore, even greater weight loss may result in greater benefits in controlling diabetes and cardiovascular risk factors.


    




    

      CONCLUDING REMARKS




      Diabesity significantly affects developed countries and until now, strategies for the prevention and treatment of diabesity both individually and at the population level have not been successful in the long term. Responsibility lies with each individual, though behavioral changes (including changes to a healthier diet and patterns of increased physical activity) are more likely to occur when environmental and social changes support them. However, these behavioral changes could be ineffective given the lack of supporting policies in various sectors. Therefore, regulatory actions by the governments and greater efforts by industry and civil society are necessary for better results. Combating diabesity requires an approach that integrates dietary modifications and regular physical activity and considers new therapeutic options.
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