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    While under-nutrition still is a serious problem in less wealthy countries, currently the obesity pandemic is the major health concern worldwide, especially in industrialized and developing countries. Easy access to comparatively inexpensive, palatable and energy-dense food combined with the sedentary lifestyle favors development of overweight and obesity. Social status has a major impact on development of obesity, most likely by influencing key behavioral factors but also through its prominent contribution to stress exposure.




    Age is a primary risk factor for weight gain. Overweight and obesity-related morbidities, e.g. primarily cardiovascular disease and type 2 diabetes, but also cancer, are the major cause of reduced healthy life-span. Their incidence correlates with duration of obesity. Therefore, a serious concern is the increase in obesity in youth. Feeding behavior, which is acquired in early childhood, is maintained life-long. Therefore, it is important to identify critical and sensitive periods for obesity development. Triggers for obesity development may, however, act even earlier in life: the nutritional and metabolic status of the mother may impact the development of an obese phenotype in the offspring by fetal programing.




    Obesity-related diseases are a consequence of dysfunctional adipose tissue. Excess storage of fat in adipose tissue results in remodeling that encompasses hypertrophy and hyperplasia of white adipocytes, loss of “fat burning” brown adipocytes, white adipocyte metabolic stress and, eventually, white adipocyte death. A shift from an anti-inflammatory to a proinflammatory profile of resident adipose macrophages results in the increased release of proinflammatory cytokines. Adipose tissue insulin resistance gives rise to an increased release of fatty acids, which are stored as ectopic fat in skeletal muscle and liver. An imbalance in adipokine formation affects metabolism in their target organs. As a rule, the chronic subacute inflammation that underlies these changes is more pronounced in abdominal adipose tissue than in subcutaneous adipose tissue, explaining the tight correlation of waist circumference rather than BMI with obesity-related diseases. Since adipose tissue dysfunction does not strictly correlate with its mass, it is important to identify easily detectable blood surrogate markers for its functional status.




    Even though excessive caloric intake is, beyond any doubt, the major driving factor for obesity development, environmental xenobiotics causing endocrine disruption may contribute to obesity by causing reduced energy expenditure, hormone receptor-driven changes in adipocyte function and epigenetic reprogramming. Similarly, the gut microbiota appears to play a role in the development of overweight. Gut sterilization and microbiome transplantation affect diet-induced obesity development in mice. However, presently, no reliable data are available for humans. Current studies analyze the benefit of pro- or prebiotic diets to improve weight control by influencing the microbiome.




    Caloric restriction is key to weight reduction. Many diets with varying proportions of macronutrients have been proposed to improve healthy weight loss. However, evidence that extreme reduction or exclusion of one macronutrient from the diet might improve the outcome appears to be scarce. Similarly, the impact of minor food constituents, such as secondary plant metabolites, e.g. polyphenols, is still a matter of debate. Besides caloric restriction, an increase in physical activity is an essential life-style intervention for weight reduction. There is increasing evidence that physical activity not only increases energy expenditure but also positively reprograms metabolism both in skeletal muscle and systemically by modulating hormone, myokine and cytokine homeostasis.




    While life-style intervention is the most logical approach to prevent or treat obesity, lack of compliance also makes it the most ineffective. Several pharmacological targets, peripheral and central, have been identified to treat obesity or obesity-related comorbid conditions with varying short term efficacy and long term success. Strong interpatient variations call for a more individualized approach. Bariatric surgery, once thought to be an ultima ratio to combat extreme obesity, has proved to improve metabolic health prior to major weight reduction and has recently gained much attention as “metabolic surgery” .




    The 17 chapters of this book approach the obesity problem from the molecular, mechanistic, epidemiological and clinical point of view.
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    Obesity, defined as excessive fat accumulation that may impair health, has seen its prevalence increase to unprecedented levels globally, being projected to continue to rise. Obesity meets all accepted criteria of a medical disease, including a known etiology, recognized signs and symptoms, and a range of structural and functional changes that culminate in pathologic consequences.




    The major concern about the alarming increase of obesity numbers relates to its association with risk to develop cardiovascular diseases, diabetes, some cancers and highly disabling musculoskeletal disorders, which are among the leading causes of death and morbidity in the world. In fact, currently, in most countries of the world, overweight and obesity are linked to more deaths than underweight. This is particularly important when we acknowledge that obesity is becoming a problem in increasingly early ages and that childhood obesity is associated with a higher chance of obesity, premature death and disability in adulthood.




    Before this scenario, it is not surprising that obesity, being a preventable disease, has become a major priority for global health policies. Decreasing obesity incidence requires the effort of different social and health care structures and a constant update on the scientific knowledge about its determinants, prevention and management strategies as well as consequences.




    Given multifactorial nature of obesity etiology, dealing with obesity requires a similar multitude of approaches. This book overviews the main contributing factors to obesity: from social and behavioral determinants throughout the life course, influences from before we are born to what we eat (not only nutrients and non-nutrient compounds with impact on body weight but also food contaminants), which bacteria colonize our gut, and how and how much we spend energy we accumulate. The dynamic role of the adipose tissue during obesity development, the pressure put on to its remodeling and differences in obesity phenotypes regarding association with pathological outcomes are also presented as well as the latest advances made on finding biological markers of adipose tissue dysfunction. The latest treatment options for obesity from medical, pharmacological and surgical areas are reviewed, also recognizing educational, social and psychological issues as central when handling obesity. Associations with chronic and disabling diseases, like cancer, diabetes and cardiovascular diseases that place heavy tolls on human societies, are debated, highlighting how obesity predisposes to their development and how obesity treatments might improve their outcome. The bidirectional relationship of stress with obesity is discussed, as are the changes in adipose tissue accretion along the aging process, also outlining the obesity paradox.




    Perhaps obesity prevention should have been the main focus of this book, as some advocate that obesity is a chronic disease, treatment options have only limited success, and obesity predisposition may be determined as far as three generations back. But while the necessary changes in society, mentalities and attitudes are in delay, we expect health researchers, practitioners, as well as decision-makers, may find this book a useful tool gathering the latest updates on obesity research, with involvement of experts from different backgrounds, which contribute with findings from their own research on obesity but also with personal views onto how the complex nature of the obesity problem should be dealt with.
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      Abstract




      The increasing prevalence of childhood obesity, as well as the recognition of the role of early factors for the development of cardiovascular disease, called the attention to the impact of the dynamics of adiposity across pediatric age on adult health outcomes, highlighting the potential application of life course frameworks in this context. Therefore, there is increasing interest in identifying critical and sensitive periods for obesity development and to identify how to summarize lifetime exposure to adiposity/obesity to measure its impact on cardiovascular disease. The discussion of the application of the life course approach to the study of obesity determinants and its relation with cardiometabolic health is presented in this chapter. Additionally, different methods to summarize the cumulative exposure to adiposity are described as well as the challenges of measuring direct and indirect effects of childhood adiposity on adult cardiovascular disease.
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      INTRODUCTION




      There has been increasing interest in changing the focus from the adult risk factors model of chronic disease etiology to a life course framework, in which biological, behavioral and psychological factors acting across the individual’s life span influence the risk of the disease. The life course approach is not a recent thinking, but it has gained more attention in epidemiology with the recognition of the role of early life factors in cardiovascular and other chronic diseases [1, 2]. Therefore, the paradigm has changed from the adult lifestyle model of chronic disease, with adult health-related behaviors, such as smoking, alcohol intake, diet, and physical activity, assuming an important effect on adult-onset diseases [3, 4],




      to the life course approach that also recognizes the importance of early exposures for the lifetime risk of disease [5].




      The life course epidemiology is defined as the study of the long-term effects of different exposures at different phases of the life cycle on health or on the risk of disease [6, 7]. In addition to the study of factors to which the individual is exposed across the life span, the life course epidemiology also addresses the influence of exposures across generations, with previous studies suggesting intergenerational effects of prenatal exposures, which may not be limited to the first generation offspring [8]. Although in the last few decades much more attention has been given to the effect of early life factors, life course epidemiology should not be seen as a polarization of early life factors, on one hand, and adult lifestyle factors, on the other hand, but instead the influence of various factors operating across all life span, that independently, cumulatively and interactively influence the risk of disease [5]. Additionally, both time and timing are recognized as important for establishing causality between exposures and outcomes [9]. Many chronic diseases, such as cardiovascular disease, have long latency periods, and early exposures may be involved in the initial processes of the disease, long before their clinical manifestations. On the other hand, the timing of occurrence of the exposures is also important since exposures occurring at specific periods may have higher impact on disease risk. Specifically, critical and sensitive periods have been identified in the context of life course epidemiology [6], namely those for the development of obesity and cardiometabolic outcomes [10, 11].




      The life course framework is useful to conceptualize and study the complex net of determinants of obesity, since there are individual risk factors and more systemic drivers [12, 13], and factors also act at different phases of the life cycle, from gestation to adult life [11, 14, 15]. Those factors include exposures during fetal life, or even preconception exposures of the mother, as well as rapid weight growth during infancy or early adiposity rebound, among others [10, 11, 16]. On the other hand, the life course approach may also allow a better understanding of the lifetime risk for cardiovascular disease, resulting from the accumulation of risk with age, influenced by the exposures occurring at all stages of the life span [17-19]. Among those factors, obesity is one of the most important determinants [20] and its association with cardiovascular risk has been shown for all ages [17, 21, 22]. Therefore, a life course framework applied to the study of the obesity determinants and its relation with cardiometabolic outcomes may provide useful insights into the comprehension of the disease etiology and to inform prevention and intervention strategies.


    




    

      LIFE COURSE THEORETICAL MODELS




      Different theoretical models have been proposed to guide research in life course epidemiology, as summarized in Table 1. The proposed models are a simplistic illustration of the effect of the exposures across the life course, and should be adapted to the study of different outcomes and exposures. Additionally, the proposed models are not mutually exclusive, and features from different models may coexist.




      

        Table 1 Theoretical models in life course epidemiology.




        

          

            

              	
Critical Period Model


              Gives emphasis to the timing of exposure.


              Exposures acting during specific periods may irreversibly affect the risk of later disease.


            




            

              	- without later effect modifiers



              	The exposures act during critical periods and have effects on anatomical structure or physiological functioning, which may be long-lasting and irreversible.

            




            

              	- with later effect modifiers



              	In sensitive period models there is greater scope for reversibility of the effects, with later effect modifiers.

            




            

              	
Accumulation of Risk Model


              Exposure effect accumulates over the life course.


              The total amount,i.e., number, severity and duration of the exposures, and/or sequence of the events affect the risk of the disease.


            




            

              	- independent and uncorrelated exposures



              	Effect of exposures accumulate over time, but exposure risk is independent.

            




            

              	- correlated exposures


              (clustering or chains of risk)



              	Risk factors tend to cluster (accumulation model with risk clustering), or form chains of risk, where one exposure leads to another, with additive or trigger effects (pathway model).

            


          

        




      




      One of the life course models is based on the concepts of critical and sensitive periods. This critical period model emphasizes the timing of the exposure – the effect of the exposure to a factor at a specific period may have irreversible effects on anatomical structure or physiological functioning [6, 7]. Critical periods are phases of the development characterized by permanent anatomical or functioning changes resulting from exposure to specific environmental stimuli, which may confer additional long-term risk for specific health outcomes [6, 7, 10]. During these specific timespans, exposure to the factors may result in increased risk of disease, but exposure outside those periods seems not to confer additional risk. It is known that during mammalian development, exposure to specific environmental stimuli is essential for the development of anatomical structures and their functioning. However, exposure to specific factors during specific periods, for example during intrauterine period, may origin irreversible changes and predict long-term outcomes. Other periods not characterized by this level of structural or functional development are described as sensitive. Sensitive periods are also periods of rapid development, when stronger effects of exposure to some factor is observed, in comparison to exposure outside that time frame. However, as opposed to what occurs in critical periods, that effect may be modified or reversed [6, 7]. For example, although adolescence is often described in the literature as a critical period for obesity development, it would rather be a sensitive period since there is a variety of different developmental stages that take place at variable time periods, instead one specific critical period. Although differences in the deterministic features between the critical and sensitive periods exist, both concepts have in common the importance of the timing of exposures for the risk of outcomes occurring later in life, which is the main characteristic of the critical period model. These concepts have their roots in the hypothesis of the fetal origins of adult disease, and the model is also known as ‘biological programming’ or as ‘latency model’. Additionally, it incorporates the idea of sensitive periods, applied to exposures acting during sensitive periods, whose effect in the later risk of disease may be changed by later physiological or psychological stressors [6].




      Another main class of the life course models is the accumulation of risk model (Table 1). This model suggests that effects of exposures, such as environmental, socioeconomic and behavioral, gradually accumulate over time and may cause long-term damage [6, 7]. The number, severity and duration of the insults over the life course may impact the risk of the disease, with a dose-response effect. The accumulation of risk may follow different models, depending on the disease, with exposures being independent, clustered exposures or occurring in chains of risk [6, 7]. In the accumulation of risk model with independent and uncorrelated exposures, the development of the disease is dependent on the accumulation of risk over time, that could be influenced by several factors, but each risk factor acts independently of the others [6]. Alternatively, exposures may be correlated; for example, health-related behaviors, or adverse social circumstances tend to cluster. This is known as an accumulation model with risk clustering [7]. Finally, in the model based on chains of risk, one adverse exposure may increase the probability of being exposed to another factor and so on, increasing the risk of the disease. The relation between the exposures is not deterministic, but each exposure increases (or decreases) the probability of another exposure. Chains of risk could be of two different types; in one model, in addition to the effect on subsequent exposures, the risk factor also have an ‘additive effect’ on the risk of the disease, independently of the later exposure [6]. If each exposure only influences the risk of the subsequent exposure, with no additional direct effect on disease risk, is the final exposure in the chain that has a marked effect and precipitates disease onset – this is described as a ‘trigger effect’ [6].




      In the context of non-communicable diseases, risk clustering is possibly the most common model, since health-related behaviors tend to cluster. However, the recognition of the potential effect of early exposures would also support the critical period model. As these theoretical models – critical period and accumulation of risk – are not necessarily mutually exclusive, in the accumulation risk models, the timing could also be important, with exposures that act during specific periods having greater impact on risk of disease and also accumulating with other exposures. Therefore, the development of chronic diseases is complex and it is probably a consequence of the interaction of both the critical period and accumulation risk models [9, 19].


    




    

      OBESITY DEVELOPMENT: CRITICAL AND SENSITIVE PERIODS




      Critical or sensitive periods for obesity development have been identified across the life course [10, 11, 16]. Fetal life is recognized as a critical period, because of profound development of tissues and organs. Exposure to specific factors during this period may “programme” physiological functioning, and therefore may play a role in disease etiology [10, 23, 24]. Other sensitive or critical periods include infancy, childhood, namely the period of the adiposity rebound, and also adolescence, related to puberty and behavioral changes [10, 16, 25].




      

        Prenatal Period and Infancy




        The potential effect of exposures occurring in the prenatal period and infancy was firstly described in the 1970s in the Dutch Hunger Winter Study [26]. In this study, changes in maternal nutrition because of severe food rationing during the Second World War were associated with offspring obesity. Prevalence of obesity in the 19-year-old males who had been exposed to famine in the first two trimesters of gestation was higher, compared to exposure in the third trimester only [26]. Later, Barker et al [1, 2, 27] showed an association between rates of infant mortality and adult deaths (ecological analysis) and in other study found an association between birthweight and adult ischemic heart disease mortality. These studies led to the “Barker’s hypothesis” or developmental origins theory, which proposed that gestational undernutrition may promote fetal programming that changes body’s structure, function and metabolism, which is implicated in the etiology of adult coronary heart disease [28]. This theory was later expanded to the Developmental Origins of Health and Disease (DOHaD) [29, 30]. The DOHaD refers to the effect of broader environmental exposures in pregnancy, such as maternal nutrition, or exposure to environmental chemicals, drugs, infections or stress, not only on coronary heart disease, and extends the period of interest to preconception and infancy. This effect that takes place in these diffe-rent periods may be explained by developmental plasticity, and has widespread consequences for later health, namely obesity and cardiovascular disease.




        As discussed elsewhere in this book, some studies have shown that exposure to some factors during pregnancy (chemicals, maternal stress, nutrition or obesity), as well as rapid postnatal weight gain are associated with offspring obesity [31, 32]. Additionally, studies have suggested that these associations are observed across at least three generations [33], supporting that the inter-generational effects for disease susceptibility are not restricted to one generation. Underlying mechanisms that increase susceptibility for later disease might include epigenetic processes that alter gene expression, such as the DNA methylation [7, 31, 32]. However, the influence of maternal exposures on the offspring metabolic profile is still under investigation and debate, at least regarding the effect and the mechanisms of some exposures. A recent study including data from three birth cohorts, analysed whether the effect of maternal pregnancy adiposity on offspring metabolic traits was due to intrauterine mechanisms or shared familial characteristics [34]. Authors found similar associations of both maternal and paternal BMI with the offspring metabolism at 16, 17 or 31 years, suggesting that the relationship is likely to be explained by shared genetic or familial lifestyle factors [34].


      




      

        Childhood




        Another critical period for obesity development is the adiposity rebound occurring at mid-childhood [10, 11]. There is an increase in adiposity during the first year of life, followed by a decline until a minimum (nadir) is reached at approximately 6 years of age. The “adiposity rebound” is defined as the increase in adiposity registered after that nadir, and it was firstly described in 1984 by Rolland-Cachera et al [35]. The timing of the adiposity rebound has been associated with later adiposity, with earlier age at adiposity rebound being associated with greater degree of adiposity in adolescence and in young adulthood [35, 36]. Other studies have also found a significant association of early adiposity rebound with obesity later in life [10, 37].




        However, some methodological issues make the identification of adiposity rebound difficult. One of those limitations is the requirement of at least 3 serial BMI measurements, including measurements before and after the nadir, and therefore it can only be recognized after it had occurred. Moreover, since adiposity rebound occurs during a period of intense growth characterized by changes in height and it is based on BMI measurements, it does not necessarily indicate changes in body fat [37, 38]. In addition to the methodological limitations related to its measurement, the utility of adiposity rebound to predict later adiposity is also discussable. The association between timing of adiposity rebound and later adiposity may be biased by reverse causation, because early adiposity rebound is a marker of early high BMI [39, 40] and of accelerated maturation [35, 39]. Supporting the idea that age at adiposity rebound may be less relevant than childhood adiposity levels, in two studies BMI level at age 7 and age at adiposity rebound presented the same predictive value for later adiposity identification [39, 40]. These findings reinforce that, independently of the age at adiposity rebound, higher adiposity in childhood seems to be related to obesity in adulthood.


      




      

        Adolescence




        Adolescence is characterized by intense growth [41], being the second period of life, after infancy, with more marked changes. It is also one of the most complex periods in human growth, with marked changes in body composition and morphological signs of maturation, in addition to increases in size [10, 41]. Reinforcing the relevance of this period, fat cell number seems to be determined by the end of adolescence with no reversal in adult life [25, 42]. In addition to changes in the amount of body fat, changes in body fat distribution in adolescence may also be critical for the obesity development [10, 11, 25]. Sex-differences are modest before puberty, but during pubertal development, sex hormones promote changes in body fat that lead to sexual dimorphism in body composition and fat distribution [43, 44]. While females have an increase in fat mass, especially peripherally, but a relatively low fat-free mass, males experience a substantial gain of fat-free mass during this period, but fat mass remains relatively stable [43, 44]. These changes in the absolute levels of fat and fat-free mass lead to opposite trends in the percentage of body fat during adolescence – an increase in females and a decrease in males. In adulthood, the body fat percentage is, on average, 25% in females and 13% in males [41, 43], and females present a gynecoid shape due to higher accumulation of peripheral fat, especially on the hips and thighs, during puberty, while males have an android body shape, represented by higher accumulation of central fat, and relatively stable peripheral fat [43, 44].




        The relevance of adolescence for obesity development is not independent of the relevance of puberty, since this is the trigger for most of the changes happening during adolescence. Studies have suggested an inverse association between pubertal timing and obesity. In females, earlier age at menarche has been linked to higher risk of later obesity [45, 46]. A systematic review investigated the association between age at menarche and adult BMI, and found that 30 out of the 34 studies examined reported an inverse association [47]. The pooled data from the 10 cohort studies identified, showed an increase of adult BMI by 0.34 kg/m2 (95% CI 0.33-0.34) in girls with early age at menarche (< 12 years) [47]. In boys, there was also an inverse association between timing of maturation and later adiposity, in studies that used age at peak height velocity as an indicator of maturation [46, 48]. Pubertal timing has also been linked to body fat distribution, although evidence is still scarce and inconsistent. In the Amsterdam Growth and Health Study, there was an association between early age at menarche in girls and a trunk-oriented fat distribution pattern, but in boys age at peak height velocity was not associated with fat distribution [49]. In that study, differences in the association between girls and boys may be explained by the different indicators of pubertal timing. However, another study using the same indicator in males (age at peak height velocity) showed that early onset of puberty and higher central fat mass were significantly associated [48]. The inconsistent findings for the association with fat distribution may be related to the difficulty of distinguishing the effects of body fat distribution from those of total fat amount.




        However, such as for the adiposity rebound, the association between pubertal timing and later adiposity is not immune to reverse causation bias. Higher BMI at early childhood was shown to be associated with earlier pubertal onset in some studies [50, 51], and therefore, earlier maturation may be induced by higher adiposity, and pubertal timing may be a mediator between early and later adiposity, or simply an indicator of early adiposity levels.




        In addition to the effect of physiological changes that characterize this period of life, behavioral changes taking place during adolescence may also increase the risk of obesity. Behavioral changes include changes in dietary, physical and sedentary habits that occur throughout adolescence and may influence obesity development [25]. Psychosocial and cognitive changes during adolescence lead to increased autonomy and adolescents progressively feel capable of managing themselves on their own, which involves making decisions and solving their own problems [52]. Additionally, the focus of the adolescents changes from the family to the peers [53, 54], which decreases the influence of the family on adolescents’ choices. New behavior acquisition, including the initiation of health-related behaviors such as smoking, alcohol consumption, drug use or sexual behaviors [55], may happen during this period, as well as changes in dietary and physical activity patterns [56, 57]. In general, studies showed an increase in unhealthy behaviors during adolescence, for instance, there is an increase in sedentary behavior and a decrease in physical activity [56], and it is more pronounced in adolescent girls [58, 59], with implications for weight gain [60]. Most studies also showed an increase in unhealthy food choices during adolescence, for example, a decrease in the frequency of breakfast consumption and an increase in snacking and fast-food consumption [57, 61]. Since most of the habits formed during adolescence are very likely to track into adulthood [62], behavioral changes in adolescence will have not only short-term but also long-term effects on weight gain and obesity.


      


    




    

      LIFE-TIME OBESITY AND CARDIOVASCULAR DISEASE




      Obesity increases the risk of a variety of disorders from cardiovascular, endocrine, pulmonary, gastrointestinal, and psychosocial systems [63, 64], and the mortality risk [65-68]. Overweight and obesity were estimated to have caused 3.4 million deaths worldwide in 2010 [67], and the upward trend in obesity may revert progresses in life expectancy [69].




      There is a stronger association of obesity with cardiovascular disease and diabetes mortality, in comparison to other diseases [65, 69]. The Prospective Studies Collaboration [69] examined data from almost 900000 participants from 57 prospective studies, and showed that vascular mortality was about 40% higher (HR=1.41, 95% CI 1.37-1.45) and diabetes mortality 120% higher (HR=2.16, 1.89-2.46), per each 5 kg/m2 increase in BMI. Risk estimates were 10% for neoplastic and 20% for respiratory mortality. Abdullah et al also found a significant direct association between the number of years lived with obesity and the mortality risk, and this association was stronger for cardiovascular disease mortality than for cancer mortality [65]. Obesity, along with diabetes, elevated serum cholesterol levels, smoking and physical inactivity are usually described as classical or traditional risk factors of cardiovascular disease [70, 71], as firstly identified in the research from the Framingham Heart Study. Other factors more recently identified and denominated as novel cardiovascular risk factors are low-grade chronic inflammation, abnormal blood coagulation, homocysteine, among many others [70-72]. Although the list of independent cardiovascular risk factors identified so far is extensive [70], the predictive ability and clinical implications of the novel risk factors is not so well understood yet, and traditional risk factors seem to explain most part of the incidence of cardiovascular disease and mortality [67, 71, 73]. Among the traditional risk factors, obesity is one of the major determinants of cardiovascular disease. According to the Global Burden of Metabolic Risk Factors for Chronic Diseases Collaboration, in 2010 63% of deaths due to cardiovascular diseases, chronic kidney disease and diabetes were attributable to the combined effect of four cardiometabolic risk factors: high BMI, high blood pressure, high glucose and high cholesterol values [20].




      Although there is a strong association between obesity and cardiovascular disease, there is some potential for the reversibility of the effect. Most of the evidence on the reversibility of cardiovascular risk related to obesity comes from weight-loss interventions. Generally studies have shown that weight loss, achieved through either bariatric surgery or lifestyle interventions, was associated with improvements in cardiovascular risk factors [74-76]. Observational studies have also shown that cardiovascular risk factors of individuals that were obese as children but changed to non-obesity categories in adulthood were similar to risk factors of those who were never obese [77]. Other studies have also found that groups of individuals presenting a declining trajectory of adiposity across pediatric age also showed a reduction in cardiovascular risk in adulthood [78-82]. Therefore, it seems to be a potential for the attenuation of the cardiovascular risk if obesity is reverted.




      From a public health perspective, the study of the association of obesity with cardiovascular diseases is of great relevance, because of the strong association between obesity and cardiovascular-related mortality, as well as the high prevalence of obesity and burden of cardiovascular diseases worldwide. The association between adult obesity and cardiovascular disease incidence and mortality seems to be well established [20]. However, there is limited evidence on the effect of childhood obesity on adult cardiovascular events from longitudinal studies, due to the difficult operationalization of cohort studies with long follow-up periods. Additionally, childhood obesity increased mainly from 1980s onwards, changing from 16.9% in 1980 to 23.8% in 2013 in boys, and from 16.2% to 22.6% in girls [83]. On the other hand, cardiovascular acute events (for example, stroke and ischemic heart disease) are more frequent from the fifth decade of life onwards [84, 85]. Therefore, the first generation that experienced high prevalence of obesity since childhood have not reached the life decades of higher incidence of cardiovascular events yet. Therefore, the magnitude of the consequences of childhood obesity, in general and specifically for cardiovascular diseases, is not fully understood yet. There is also particular interest on clarifying the effects of childhood obesity on early markers of cardiovascular disease.




      Despite the difficulties in evaluating the real association between childhood obesity and adult outcomes, available data support a strong association. Studies have shown that childhood obesity increases the risk of cardiovascular risk factors as early as in preschool aged children [86, 87]. In general, studies have examined the association for obesity at specific ages, and consistently showed that higher obesity level or adiposity at any age is associated with higher risk of cardiovascular risk factors, events and mortality [68, 88, 89]. However, the dynamics of adiposity/BMI across the pediatric age, such as changes in the grade of adiposity and the duration of obesity, have not been explored in most studies. Therefore, there is increasing interest in the study of pediatric obesity effect on adult outcomes, taking into account the cumulative exposure to adiposity across the life course.




      

        Measuring Life-time Obesity




        The focus of research on the association of obesity with cardiovascular disease has changed from measuring the impact of adult obesity, to the effect of obesity at earlier ages and its cumulative effect. Changes in the pattern of the exposures, namely across age strata, with higher prevalence of exposures at younger ages led to the development of methodologies that capture the cumulative effect of exposures. Different approaches have been used to summarize the exposure to obesity across the life course – from simple constructs such as duration of obesity, to more sophisticated methods such as growth trajectories.




        Studies testing the effect of obesity duration on cardiovascular disease or risk factors have generally used the age of obesity onset as an indicator of obesity duration [22, 90-95]. However, the identification of obesity onset is difficult and depends on the total duration of follow-up and number of examinations across the period under study or, if self-reported, it may be influenced by potential biases. Since length of follow-up, age at baseline and number of measurements greatly varies across studies, this may in part explain conflicting results between studies, with some studies showing that subjects with higher duration of obesity were more likely to have a worst cardiovascular risk profile in adulthood [22, 90, 93, 95], while other studies found no association [91, 92, 94]. The main limitation of this construct is the restriction to the duration concept, not taking into account the degree of obesity. For example, two subjects living with obesity for ten years would be attributed the same exposure, independently of one having a BMI of 32 kg/m2 and the other a BMI of 40 kg/m2.




        A construct that summarizes both duration and grade of obesity was proposed by Abdullah et al [96]. The variable “obese-years” is calculated multiplying the number of units above the obesity cut-off by the number of years lived with that BMI [96]. For example, a person living two years with a BMI of 32 kg/m2 and five years with a BMI of 35 kg/m2 would be exposed to 36 obese-years [(32-29)*2 + (35-29)*5]. The obese-years was shown to be associated with increased incidence of diabetes [96, 97] and cardiovascular disease [98], and was suggested as a better indicator of the health risks, in comparison to BMI or duration of obesity alone [96]. Although this measure takes into account fluctuations in BMI, in contrast to duration of obesity alone, both constructs account only for time lived with adiposity above a certain level (BMI at or above 30 kg/m2 for adults, or equivalent cut-offs for children and adolescents), and do not consider BMI fluctuations within normal ranges. However, previous evidence does not support the assumption that health risks are associated only to BMI values above a specific threshold. For example, Twig et al used data from 2.3 million Israeli adolescents examined from 1967 through 2010, and showed that higher BMI during adolescence even within the normal range (50th to 75th percentiles) was associated with higher cardiovascular and all-cause mortality in adulthood [68]. Therefore, new methodologies to summarize exposure to adiposity within the entire BMI spectrum are warranted. In this line, the area under the curve of BMI (BMIAUC) has recently been proposed as a way of summarizing the duration and grade of BMI, considering fluctuations within the entire BMI range [99]. The BMIAUC is calculated using BMI repeated measurements across age, and computing a cubic spline interpolation; then the area under the curve is calculated using the composite trapezoid rule, and a higher BMIAUC represents higher cumulative exposure to BMI for the number of years of follow-up. The advantages of this measure are the quantification of both duration and degree of obesity, considering fluctuations in the degree of BMI, not only those above a specific threshold (the obesity cut-off) but within the entire spectrum of values [99].




        The identification of adiposity trajectories over the life course is another available methodology to study the lifetime risk associated with obesity. The study of growth trajectories in pediatric age is of great relevance for surveillance and for clinical practice, as well as for etiology research [100]. Different methods are available to compute growth modeling, such as mixed-effects models or group-based methods. Some studies have applied mixed-effects models, where random effects capture individual variation across time, to identify individual growth trajectories [101-113]. Other studies have used group-based statistical methods, which allow the identification of subpopulations characterized by distinct developmental trajectories [78-82, 114-133]. In the mixed-effects models, the trajectory of each subject is identified, however, several parameters (for example, intercept and slope) are needed to describe the trajectory and, therefore, the information about all parameters is needed to study the association with the outcomes. Also, the interpretation of the parameters may be more difficult, in comparison to the previous methods described. In the group-based methods, the individual trajectory is also estimated, but a second step is applied in order to group individuals with similar trajectories. The probability of belonging to each group is estimated for each subject and the subject can be allocated to the group with higher probability of membership. The group-based methods can be of easier interpretation, with each subject being assigned a group trajectory, instead of being characterized by several parameters. However, one of the problems may be identification of the number of groups so that all patterns of development trajectories in a given population are represented, and it may be influenced by some researcher subjectivity. Group trajectories with low prevalence in the population are more difficult to be represented, and there may be some heterogeneity within each group. Additionally, the groups identified may be population-specific, not representing all existing trajectories in other populations.




        Some studies have specifically applied growth modeling to study the effect of growth trajectories on cardiovascular risk factors or metabolic outcomes [78-82, 127]. In general, studies showed that the most adverse cardiovascular outcomes were found in individuals with growth trajectories characterized by higher adiposity, and especially with early obesity onset. For example, Ventura et al [81] examined trajectories from 5 to 15 years in girls and showed that the ‘upward percentile crossing’ trajectory had the highest metabolic risk factors at 15 years, compared to the ‘50th percentile tracking’, while the ‘delayed downward percentile crossing’ presented similar levels. In the Raine Study [79], subjects in increasing trajectories from birth to 14 years had the highest levels of insulin resistance at 14 years, while insulin resistance levels in declining trajectories and in the reference trajectory (‘Optimal growth’) were similar. In the Isle of Wight birth cohort, systolic and diastolic blood pressure at 18 years were higher in the delayed overweight trajectory, compared to the ‘normal’ trajectory, but still lower than the values found in the early persistent obesity trajectory [82]. In the EPITeen cohort, from Porto, Portugal, the ‘High, increasing' BMI trajectory identified for the period between 13 and 21 years [78], presented the most unfavorable cardiovascular risk profile at 21 years. In trajectories identified from 5 to 18 years in the Birth to Twenty (Bt20) cohort, the trajectories of early onset obesity or overweight had higher blood pressure levels in late adolescence [80]. On the other hand, in several studies trajectories characterized by a decline in adiposity/obesity presented in general intermediate levels of cardiovascular risk factors, in comparison to stable high adiposity or increasing adiposity, and the normal/optimal growth trajectories [78-82].




        Studies have shown that the increasing trajectories tend to present risk factors similar to individuals with consistently high levels of adiposity. This may be because the increase in adiposity increases the cardiovascular risk or because the risk factors at a given moment are more influenced by adiposity levels at that same moment, and to a lesser extent by cumulative exposure to adiposity. Also for the declining trajectories, reduction in the risk factors may be due to reduction of adiposity over time or because the attained final levels of adiposity are lower. Therefore, it is difficult to understand to what extent the association with cardiovascular risk factors and events is a consequence of the cumulative exposure to adiposity or is explained by the final attained adiposity levels.


      




      

        Direct or Mediated Effects of Early Obesity




        One of the problems to fully understand the role of childhood obesity on adult health is related with the strong correlation between childhood and adulthood adiposity. Three systematic reviews consistently showed a moderate to strong tracking of obesity from childhood into adulthood [134-136]. The first systematic review on this topic was published in 1993 and included studies from 1970 to 1992 [134]. It concluded that, despite a high variation in the correlation between BMI in childhood and adulthood, obese children were at least two times more likely to be obese in adulthood, in comparison to nonobese children [134]. Singh et al in a systematic review published in 2008 also showed an increased risk of overweight in adulthood for overweight or obese youth [136]. The most recent systematic review and meta-analysis from 2016 included fifteen prospective cohort studies. The risk of being obese in adulthood was estimated to be about five times higher for obese children and adolescents, when compared to nonobese children and adolescents [135]. Additionally, all systematic reviews support that the association with adult obesity is stronger for adolescent than for childhood obesity [134-136]. Giving as example the results from the Fels Longitudinal Study, the probability of being obese at 35 years of age was higher for those with obesity at older pediatric ages: below 30% for obese children aged 5 years; ranged from 30% to 60% for obese girls aged 5-12 years, and for boys 5-18 years; and above 60% for older obese adolescents [137]. However, these differences may partly result from the shorter time interval between adolescent and adult BMI measurements, which may influence the magnitude of the association.




        Therefore, if most of the obese children become obese adults, it is difficult to quantify how much of the health events in adulthood are explained by current adiposity or by childhood adiposity. This may partly explain inconsistent results from the studies addressing the role of childhood obesity, independently of adult obesity [22, 138-143]. One study did not find an association between childhood BMI and risk of coronary heart disease later in life [138], but in general studies have reported direct significant associations, but also suggested a mediation of the effect by adult obesity [22, 141]. Two other studies also found an association between childhood obesity and adult outcomes, but they did not explore the potential mediation by adult obesity [142, 143]. A systematic review of 16 studies showed that the association observed between childhood obesity and adult cardiovascular disease risk was dependent on the tracking of BMI from childhood to adulthood, and therefore concluded that there was little evidence for an independent effect of childhood obesity [140]. A similar conclusion was reached by Park et al in a systematic review published in 2012 [144]. From the few studies analysing the effects independently of adult BMI, there was a lack of evidence for the independent association of childhood obesity on adult cardiovascular risk factors or events [144]. A systematic review analysing the ability capacity of childhood BMI for the prediction of obesity-related morbidities in adulthood included 37 studies and concluded that childhood BMI was not a good predictor of adult morbidity, since most of the adults with obesity-related morbidity were normal weight children [139]. However, studies included in this review were mostly from older cohort studies with relatively low prevalence of childhood obesity. The most recent systematic review on this topic included 23 studies and showed that childhood obesity was associated with adult cardiovascular risk factors, but also suggested that the effect was potentially mediated by adult BMI [89]. It also concluded that there is still a need for higher-quality studies on this topic to evaluate direct and indirect effects of childhood obesity.




        The measurement of the independent effects of childhood obesity on morbidity is methodologically challenging. Several studies have used standard regression models to measure the association between childhood obesity and adult outcomes, adjusting for adult adiposity/obesity. Nonetheless, this adjustment may introduce over-adjustment biases [145] and collinearity problems [146]. Additionally, the adjusted models are of difficult interpretation since the adjusted estimates reflect the effect of adiposity change between measurements, and not only the effect of childhood adiposity adjusted for adult adiposity [147]. Therefore, other statistical techniques, such as structural equation models, may have great application to study the effect of childhood obesity on adult outcomes. For example, in path analysis models, both direct and indirect effects can be estimated and results are easily interpretable [148, 149]. Other methodologies may also be potentially applicable in this context, although still underexplored, such as causal mediation analysis [150] or Mendelian randomization [151], in order to study the causal effects of childhood obesity on the development of cardiovascular disease.


      


    




    

      CONCLUDING REMARKS




      The available evidence supports that the cumulative exposure to adiposity and its dynamics across the life span influence the cardiovascular outcomes in adulthood. However, the classical methods do not respond fully to the challenges of measuring the long-term effects of adiposity, and to disentangle the direct effects of childhood adiposity from those mediated by adult adiposity. The frameworks based on the life course epidemiology, although complex, have a high potential to measure the lifetime risk of obesity and to develop methodologies that better clarify the associations with chronic disease, namely cardiovascular disease. Additionally, the study of younger birth cohorts experiencing higher levels of adiposity since earlier ages will provide further insights on the investigation of the long-term association between obesity and cardiovascular disease, with implications for public health.
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      Abstract




      The understanding of obesity’s etiology has broadened from an individual to a more comprehensive perspective of environmental influences, based in social ecological models. Interventions to tackle obesity are dependent on understanding interactions within complex systems and on changing modifiable risk factors with high impact at the population level. In this chapter, literature on social and behavioral factors associated with obesity was reviewed. Socioeconomic factors seem to be main drivers of obesity. This effect may act indirectly through mediators such as diet and physical activity. The transgenerational profile of both socioeconomic conditions and obesity should also be highlighted. Thus, these influences should be taken from a life-course perspective. The establishment of obesity is nested in early life and the family context, including feeding practices, parents’ dietary habits and lifestyles, and parental obesity, are proximal determinants of childhood obesity. Pregnancy, breastfeeding and weaning are identified as sensitive periods for establishing eating habits and therefore obesity development. Research has focused extensively on the effects of diet and physical activity on the energy balance; however, there seems to exist a lack of consistent associations. Evidence is more robust regarding the protective effects of vegetables, whole grains and the Mediterranean Diet, and the detrimental effect of sugar-sweetened beverages and sedentary behaviors, namely television viewing, particularly in children. Smoking and moderate alcohol drinking have been negatively associated with obesity, but a confounding effect of a general lifestyle profile cannot be excluded. The influence of smoking during pregnancy on later childhood obesity is supported by more robust evidence.
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      INTRODUCTION




      Obesity rates are massive throughout the world [1, 2]. Although genetics may explain differences between individuals, it cannot explain the temporal upward trend of obesity at the population level [3, 4]. The epidemiologic transition occurred in the last decades, i.e., a shift from a pattern of prevailing infectious diseases to prevalent chronic and degenerative diseases associated with urban-industrial lifestyles is in line with a nutritional transition phenomenon [5]. According to this, the increasingly permissive obesogenic environment is believed to be a main driver for the current obesity epidemic.




      It is believed that obesity results from an interplay between a large range of determinants set within wider social and environmental contexts [6]. Traditionally, studies lack comprehensive models examining the environment in which the individual is placed. More recently, some studies have tried to clarify the interplay of factors associated with the development of obesity, considering those at the individual level but also trying to incorporate a broader understanding of important environmental factors [7]. This knowledge on the determinants of obesity and, in particular, those with a modifiable profile, is essential for a better understanding of the necessary components to support intervention actions and prevention efforts on obesity.




      

        Conceptual Frameworks for Defining Obesity Determinants




        For obesity research and prevention, it is consensual that multidimensional approaches focusing on multiple levels of influence are needed. These multilevel approaches to obesity determinants have been conceptualized using the Ecological Systems Theory, which considers the contexts, or ecological niche, in which an individual is placed in order to understand the development of a particular characteristic [8]. Accordingly, a change in a certain characteristic cannot be effectively understood without taking into account their distal and proximal ecological contexts. For example, in the case of a child, proximal contexts include the family and the school, both included in a broader social context. Child’s individual risk factors, such as diet, interact with individual’s characteristics, such as sex and age, and are shaped by contextual factors, influenced by more distal ones such as the community characteristics [8].




        For a better definition of obesity determinants, the interrelationship between several factors must be considered in more comprehensive models. Conceptual frameworks able to enhance knowledge about possible causal mechanisms and a better understanding of upstream and downstream factors, as well as which factors are more influential, are specially warranted [9, 10].




        The complexity of the obesogenic environment demands for the definition of a comprehensive framework for understanding and describing determinants that are believed to be dynamic and act at multiple levels [7, 11]. Individuals are embedded in environments that have become increasingly more permissive (increased opportunity to eat) and are more prone to sedentary behaviors. The importance of promoting supportive environments was recognized many years ago in the Ottawa Charter [12], and since then sophisticated environmental models have been developed to deal with key determinants of obesity, such as diet and physical activity.




        The ANGELO (Analysis Grid for Environments Linked to Obesity) framework seems to be an useful tool for characterizing the environment across multiple levels of influence [11]. It dissects the environment into micro- and macro-levels and four types of environment: physical (what is available), economic (what are the costs), political (what are the rules) and sociocultural (what is the social and cultural background) [11]. Individuals interact with the environment in several micro-environmental settings, such as schools, workplaces, homes and neighbourhoods, which are influenced by wider macro-environmental sectors, such as health systems and the food industry. This approach seems to be promising, since interventions mainly based on educational, behavioral or pharmacological measures have limited success on obesity prevention or treatment [6].




        A model for health promotion focuses attention on both individual and social environmental factors as targets for health promotion interventions [13]. This socioecological model provides a framework for defining different levels of health determinants: individual (e.g., gender, ethnicity), family (e.g., parenting style, family structure), organizational (e.g., school or workplace policies), community/neighbourhood (e.g., food retails, parks), and public policy (e.g., taxation, campaigns, marketing), and their interaction. It addresses the importance of interventions directed at changing interpersonal, organizational, community, and public policy, which support and maintain unhealthy behaviors.




        Another framework for determinants of physical activity and eating behaviors [14] was proposed by defining three types of influences, conceptualized in a hierarchical approach: behavior settings (including psychobiological, cultural, social and lifestyles factors), proximal leverage points that control behavior settings (including familial and community influences), and distal leverage points (including political and policy determinants), which have indirect effects on behavior settings.




        The Environmental Research framework for weight Gain prevention (EnRG framework) has also proposed a dual-process model to understand the most important determinants of energy balance-related behaviors as well as the causal mechanisms underlying these behaviors [15]. According to this model, environmental influences are hypothesized to influence behavior by a dual-process view, i.e., both directly (the automatic, unconscious influence of the environment on behavior) and indirectly (assuming mediating roles). Six factors are proposed as potential moderators in the framework: demographic factors, personality, awareness of personal behavior, involvement/motivation, habit strength and engagement in clustered behavior. The application of this framework may guide research towards causal mechanisms linking environmental factors to energy balance-related behaviors. It also advocates that the behavioral determinants of a positive energy balance will be different according to age groups, such as children [15].




        Given the recognition that habits are formed early in life and track into adulthood, and because of the current increasing rates of childhood obesity, several studies have focused on determinants of obesity-related dietary and physical activity behaviors in children and their families. Some studies have also focused on determining the population attributable fraction of factors associated with obesity, i.e., determining the impact of factors in the population. This approach is particularly interesting to identify the most relevant and preventable factors associated with obesity to guide future interventions. For childhood overweight, the family and the social environment (parental obesity, parental smoking and parental education) seems to be the most important [16].




        In literature, several factors at different levels have been described as determinants of obesity or its mediators. This book chapter will focus on social and health behavioral factors associated with obesity. Obesity will be approached as the main outcome, and dietary intake and physical activity will be considered as ‘intermediate’ obesogenic outcomes as well as main proximal exposures of obesity.


      


    




    

      SOCIAL DETERMINANTS OF OBESITY




      Social environment is broadly defined as the surroundings that influence an individual’s behavior by promoting a sense of social control through the creation of social norms, although there is no consensual definition [17]. It includes potentially modifiable social determinants of health, defined as the conditions where people are born, live, work, grow and age [18]. This complex environment includes both physical (e.g., green spaces) and social (e.g., income) determinants [19].




      In the context of obesity, many factors may be discussed within the cluster of social determinants, such as socioeconomic status (SES), education, health literacy, residential conditions, access to health care, social support or working conditions. In turn, these circumstances are shaped by the distribution of money, power and resources at other levels (i.e., local, national or global). Social determinants of health are mostly responsible for health inequities (unfair and avoidable differences in health status) within and between countries [18]. Specifically in Europe, large socioeconomic inequities in terms of obesity were reported. The inequity gradient varies between countries and may show increased steepness at lower education levels, meaning that obese people in lower socioeconomic groups are getting heavier at a faster rate especially if they have low education level. Much of the premature mortality and loss of healthy years observed in lower socioeconomic groups can be explained by obesity-related diseases [20].




      A systematic review published in 2011 [21] showed that the most studied sociodemographic factor was the socioeconomic level. Low socioeconomic level area was significantly associated with increased obesity (in 42 out of 56 studies), although in the four longitudinal studies identified only one found an association between living in a poor neighbourhood and increased body mass index (BMI) over 10 years. In 2012 another systematic review [22] highlighted that obesity in developing countries is a problem of the rich for both men and women. Recently, in 2016 [23], a review added that collective efficacy (e.g., the extent to which residents share norms or trust one another), social capital (e.g., belonging to neighborhood associations), and social support were negatively associated with BMI/obesity, while social cohesion (e.g., sense of community involvement) showed inconsistent associations.




      It should also be emphasised that there are differences on the association between social determinants and obesity according to ethnicity and gender.




      Inequities according to ethnicity have been reported in obesity prevalence in many European countries. In the United Kingdom, although the relationship between obesity and ethnicity is not straightforward, prevalence in women appears to be higher among Black African, Black Caribbean and Pakistani groups and lower for those of Chinese ethnicity when compared with their White counterparts [20]. It should also be pointed out that ethnic differences in the prevalence of adult and childhood obesity may be explained by socioeconomic deprivation [24].




      Additionally, women are at higher risk of obesity due to higher propensity to gain fat [25]. Indeed, considering the World Health Organization (WHO) European Region [26], prevalence of obesity is higher among females. Also, 26% of obesity in men and 50% in women can be attributed to inequities in education level. In middle-income countries, obesity in women is becoming a disproportionate problem of the poor and future research should try to better understand why the shift in the burden of obesity from higher to lower SES occurs faster among women compared with men [22].




      It should also be highlighted that not only SES is associated with health and obesity, but also childhood SES is correlated with adulthood socioeconomic conditions. Moreover, SES is not expected to play, by itself, a role in adult obesity, but rather it is expected to exert its effects through other determinants such as later social determinants and/or behavioral characteristics that exert a more proximal effect on obesity [27].




      Keeping in mind SES trajectories from childhood into adult life, obesity prevalence in women especially those with low SES, as well as the worldwide prevalence of overweight and obesity in children [28], and that the foundation for obesity is nested in early life, the family context is crucial as it is the first social structure to which children are exposed. Hence, we propose a theoretical model for obesity development considering conceptual levels of determinants of children’s behaviors within the social and family context Fig. (1).




      

        The family’s Social Environment




        The family context is critical in children’s general socialization. Within this social structure, parenting affects children’s social development, being crucial for survival and well-being of the offspring [29, 30]. The act of parenting may be defined as caring for the young, including aspects such as food provision, nursing, protection, and skills’ teaching [29]. Family environments include parental behaviors such as parenting styles, parenting child-feeding practices or parental diet that influence child’s weight indirectly through the effect on the child’s diet [31].


      




      

        Parenting Styles and Parenting Child-feeding Practices




        General parenting style refers to all domains of the parent-child relation, while feeding styles refer to the specific domain of feeding children. The typology of parenting styles is operationalized in two dimensions: demandingness (number /types of control and expectations parents place on the child) and responsiveness (extent to which parents demonstrate consideration for child’s emotional needs). From these, four styles emerge: Authoritative, Authoritarian, Indulgent, and Neglectful [31].




        As highlighted in a narrative review published in 2015 [32], authoritative parents were consistently found to have healthier children in terms of weight-related outcome measures (nutrition, physical activity, and weight status). In 2014 [33], a meta-analysis reported that positive parent-child relationship and higher levels of parental responsiveness were associated with lower weight but that most effect sizes were small, concluding that general parenting styles should not be made main targets of preventing and treating strategies for obesity. On the other hand, some evidence suggests that general parenting sets the context in which food parenting practices are performed. In fact, depending on the context, food parenting practices might have a stronger or weaker influence on children’s dietary behavior and weight status [32].
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Fig. (1))


        Conceptual framework for examining determinants of children’s behaviors and association with later adiposity. Arrows represent theoretical relationships of determinants of children’s behaviors and adiposity during early childhood and later in life. Dotted grey lines indicate possible indirect effects in the pathway between levels of determinants; Solid grey lines represent possible direct effects. The solid black line represents the association between children’s behaviors and later adiposity. Upstream factors influence downstream ones that, in turn, influence the child’s behaviors which - ultimately - may exert its effect on subsequent adiposity.



        Parenting child-feeding practices are defined as specific strategies used by parents to control what, when and how much their children eat, such as pressuring the child to eat (pressure-to-eat), restricting access to certain foods and monitoring children’s diet [31]. Parenting child-feeding practices have been studied mainly regarding the central topic of parental control and its association with children’s dietary behavior, while the association with overweight in childhood has been less examined and has shown controversial findings.




        According to a narrative review published in 2015 [32], greater parental control seems to lead to either lower adiposity in the long-term or to have minimal impact on children’s weight. Parental restriction has been the most studied practice. In contrast, there is less evidence on pressure-to-eat and monitoring. Considering longitudinal studies, some have found no effect of restriction and pressure-to-eat [34], while others have found no effect between restriction and later BMI after controlling for a baseline marker of adiposity or for maternal BMI [35, 36], and others have reported positive associations between restriction and adiposity [31, 32]. Monitoring has been associated with both higher overweight [37] and lower BMI [38].




        The conflicting and rather confusing literature about parental control can be explained by several aspects, such as the complex nature of the construct of parental control or lack of distinction between practices and styles, being important to notice that conflicting findings might also be related to the possibility that practices are dependent on parenting style. Conflicting findings may also be related with methodological issues. Most studies have been cross-sectional not enabling to examine if parenting child-feeding practices are having an effect on child’s weight or if it is the other way around [32, 39], and a bidirectional effect may even exist. Recent prospective analysis [40] showed that higher BMI at the age of 4 years significantly positively increased later maternal restriction, and not the other way around.




        Most studies on parenting child-feeding practices focus on the role of mothers. A systematic review published in 2014 [41] addressed fathers’ child-feeding practices and concluded that evidence was scarce, although some differences between mothers’ and fathers’ practices were noted. Fathers were less likely to monitor children’s dietary intake and were more likely to use pressure-to-eat. Also, fathers were more likely to pressure the child to eat or to restrict food for reasons related to child’s adiposity [41].


      




      

        Parental Diet and Parental Characteristics




        The family social environment may influence children’s obesity also through parents’ characteristics (e.g., income, education, marital status, work status, weight status), the home food environment, parental nurturing and parents’ own dietary intake [42]. Evidence supports that the home food environment, shared family meals, and electronic media use are associated with childhood obesity, mostly through the effect exerted on child’s behavior [42].




        Evidence suggests that food availability and/or accessibility are associated with child eating habits; a higher availability of healthy foods are associated with healthier diets in children. However, evidence on the association between food availability and weight is still under discussion [31].




        Similarly, studies on parental dietary intake also focused predominantly on children’s dietary intake, showing consistent positive associations between parents’ and children’s consumption of fruit and vegetables, milk, sugar-sweetened beverages and energy-dense foods [42]. Considering that parents act as social role models, these findings would be expected. Still, studies on broader ranges of foods are scarce and those with overall dietary measures, such as dietary patterns of both parents and children, are even scarcer, especially among preschool children. This is surprising, particularly if we consider that parental influence at this age is likely to be especially important as they are starting to respond to environmental familial cues, dietary habits are still being established, and prevalence of obesity is high even before the school environment started to exert its effect.




        Concerning children’s weight, research from multiple countries shows a strong association between parental and child obesity [43]. Similarities in weight between mothers and their offspring are observed in distinct ethnicities and it may be simply related to the fact that both share the same environment. Yet, genetics may also predispose both the mother and the child to obesity. Moreover, it is also possible that epigenetic mechanisms interfere with gene expression and, in result, overweight/obese women deliver babies with higher propensity to store excessive amounts of fat since early infancy [44]. On the other hand, it has also been proposed that the mother-offspring similarity may occur particularly when the foetus is a female and that the association between fatness and reproductive success in women may start at birth. Data suggests that the ability to produce fatter female infants and children (within our evolutionary past context) may have had reproductive benefits such as earlier menarche and more resilient ovarian function of these offspring when adults. However, in today’s environment this adaptive pattern may have gone beyond its evolved function, into disease [45].


      




      

        Other Psychosocial Characteristics within the Family Context




        Children’s dietary habits are also modified under the influence of other caregivers, peers and siblings [8]. In turn, dietary intake may exert an effect on adiposity, possibly resulting in obesity. Indeed, the child is routinely fed by someone other than a parent, namely grandparents, other relatives or caregivers in organized childcare [46]. Limited evidence has reported family composition and peer’s diet to be associated with children’s dietary intake, while sibling’s intake has been reported to be associated with obesity among adolescents. Moreover, within the home environment, children from higher SES families benefit from better quality residential space, are more likely to have sufficient space to accommodate their needs, are less likely to be exposed to crowding or to unhealthy foods which - in the long-term - can contribute to childhood and adult obesity [27].




        Also, it has been stressed how much family’s SES can influence its functioning [27]. Families with higher SES show lower levels of conflicts, are more likely to show warm and attentive relationships, and are more likely to belong to families with consistent parenting.




        Also, there is evidence that psychosocial stress is associated with obesity in children. Negative life events, maltreatment, impaired family communication, as well as parental stress have been reported as environmental stressors associated with childhood obesity. Furthermore, depression and obesity are co-morbid in children and adults and a bi-directional association is plausible. Likewise, mothers’ emotional and mental well-being has been associated with childhood obesity [42].


      


    




    

      EARLY-LIFE DETERMINANTS OF DIETARY HABITS AND ADIPOSITY




      Evidence on how perinatal and postnatal exposures influence later dietary intake and eating behaviors, and how they could impact on child’s growth and adiposity, has been previously discussed. A review of systematic reviews [47] including evidence on determinants of obesity from conception to 5 years of age described as main factors associated with infant and childhood overweight and obesity: gestational diabetes, maternal smoking, rapid infant growth and obesity in infancy, short-sleep duration, less than 30 minutes of daily physical activity, and consumption of sugar-sweetened beverages. Breastfeeding was described as a possible protective factor of obesity.




      These factors could influence adiposity development directly through metabolic pathways or by influencing the establishment of children’s eating behaviors. The influence of maternal gestational weight gain, diabetes and smoking on child’s body fat at pre-school age seems to be mainly through intrauterine programming, instead of having indirect effect through birthweight [48]. However, it has been described that low birth weight children have a compensatory accelerated growth in the first months of life, described as catch-up-growth, gaining more fat rather than muscle that leads to high fat mass later in life, and consequently to adverse metabolic outcomes [49]. Low birth weight or pre-term children could also have more problematic eating behaviors at different stages of life, which in turn could be mediators to a worse health profile in future [50].




      Additionally, parents of low birth weight children or with children who lost an excessive amount of weight after birth, or grow slowly, may be more likely to implement feeding practices that result in higher later dietary intake. Early parental feeding practices could also influence children’s food preferences and acceptance [51]. Children have innate preferences to sweet flavors and naturally reject sour or bitter tastes. Early exposure to non-innate preferred flavors, first in utero, via amniotic fluid, and later through breastmilk or during the weaning period could be fundamental for better acceptance of more healthy foods, such as vegetables, and could promote variety in children’s diet [52]. Never or short-breastfeeding duration has been consistently related to lower fruit and vegetables intake in young children [53]. Moderate protective effects of breastfeeding when compared with milk formula against childhood overweight have been suggested [54], but no strong evidence could be pointed out [55, 56]. The complementary feeding period is a 'window of opportunity' for the acceptance of a variety of foods with different flavors and textures. Some practices, such as repeated exposure, introduction of a variety of foods, and the right timing of introduction of weaning foods is fundamental for increasing food acceptance in children [57].




      Additionally, other parental feeding practices could influence food intake regulation. For instance, parents who used 'Food as a reward' are more likely to have children (aged 3-6 years) who eat in the absence of hunger. When energy-dense foods are available freely after a meal, children eat in the absence of hunger and consume extra energy [58]. Food should be offered to children in response to their feelings of hunger, and not used as reward for a good behavior or for any other reason [59].




      The effects of early feeding practices on child’s growth and obesity development have been more difficult to establish. However, it seems that weight trajectories could be influenced or influence eating habits in early childhood. Children in a “persistent weight gain” trajectory had higher odds of following a dietary pattern rich in energy-dense foods, at 4 years of age [60].




      Studying early life exposures of dietary habits and obesity development across the life span is a challenging task and suitable methodological strategies plus robust research structures, such as population-based birth cohorts with large sample sizes, are needed in order to better clarify the associations and the strength of causal inference.


    




    

      DIETARY INFLUENCES OF OBESITY




      

        Foods




        Consumption of several specific foods or food groups has been related with obesity development. Research has mainly focused on fruit, vegetables, whole grains and sugar-sweetened beverages, while investigation of other food groups has been more limited.




        Fruit and vegetables intake has been proposed to be protective against obesity, mainly due to their low-energy density and high content in fibre, vitamins and phytochemicals, their satiating effects and the possibility of replacing energy-denser foods from the diet [61]. However, earlier reviews, particularly focused on childhood obesity [62, 63], do not suggest a protective effect of fruit and vegetables or plant-based diets, based on limited evidence. In fact, a paradoxical effect of fruit on obesity was previously discussed [64]. Besides its antiobesity potential effects, they also contain large amounts of simple sugars (glucose, fructose, sucrose), which are likely to induce obesity [64]. In middle-aged adults, a review published in 2017 concluded that the consumption of whole fruits is inversely associated with long-term weight gain [65]. Another previous review has concluded that most evidence points towards a possible inverse association between fruit intake and overweight [66].




        Whole grains have been also linked to body weight [67, 68]. A comprehensive review suggests that there is strong evidence that a diet high in whole grains is associated with lower BMI [67]. On the other hand, there is no evidence that low-carbohydrate diets that restrict cereal intakes offer long-term advantages for sustained weight loss. However, a latter review [68] highlighted that epidemiological studies and clinical trials are providing diverging results. While all the prospective epidemiological studies (reviewed until 2011) showed that a higher intake of whole grains is associated with lower BMI and body weight gain, the results of few clinical trials do not confirm that a whole grain low-calorie diet is more effective in reducing body weight than a refined cereal diet. Although further studies with adequate methodology are needed to clarify this effect, there is biological plausibility supporting it, i.e., whole grains have lower energy density, promote the fermentation of non-digestible carbohydrates (satiety signals), modulate intestinal microflora, and have lower glycemic index.




        Sugar-sweetened beverages and their relationship with weight gain, particularly in childhood, cover probably the large body of evidence, allowing even for a review of systematic literature reviews [69]. Among thirteen reviews and meta-analyses described, most (n=9) concluded that there was a direct association between sugar-sweetened beverages and obesity in children and adolescents. Nonetheless, methodological inconsistences preclude definite conclusions. There is also evidence that the intake of free sugars or sugar-sweetened beverages among free living people, both children and adults, is a determinant of body weight [70]. Although more research is needed, sufficient evidence seems to exist for supporting public health strategies to limit the consumption of soft drinks as part of a healthy diet.




        With much more limited evidence, dairy products have been associated with a decreased risk of obesity [71, 72], and also higher quantities of red and processed meats were positively associated with obesity risk [73], both in meta-analysis of observational studies.
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