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Preface

Adiposity - Epidemiology and Treatment Modalities is a summary of how clinical, psychological
and lifestyle-related features impact on various organs and tissues in our bodies, with the inten-
tion to preserve specialized physiological and behavioral functions and metabolism-related
traits, integrating metabolic processes, so as to preserve organ health and thus longevity.

The book is composed of the following chapters (denoted with keywords) featuring intro-
ductory chapter, phenomena like: Public health problem; Theories of obesity; Network anal-
ysis of obesity-related expression data; The brain, environment and obesity; Epidemiology
of abdominal obesity; Childhood obesity, Multimodal lifestyles and Physical activity; The
metabolic syndrome; Dietary and hormonal factors in the “healthy" obese; Nutritional label-
ing as well as new treatment modalities for obesity.

This book presents to the reader a comprehensive mental model to guide and help each pa-
tient and his/her environment in changing views and preferences as to the perception of
“self" and thus strengthen his/her wish to lose weight as well as maintain a regained health
condition for the benefit of a more rewarding and happier lifestyle.

Prof. Jan Oxholm Gordeladze, PhD
Institute of Basic Medical Science
Department of Molecular Medicine
Section for Biochemistry

University of Oslo, Norway
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Chapter 1

Introductory Chapter: Obesity - A Worldwide Problem

Jan Oxholm Gordeladze

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/67688

1. Introduction

“Adipositas” or “obesity” remains an increasing problem, escalating with alarming speed
worldwide. As this introductory chapter is written, it is estimated that there exist between 380
and 500 million obese people worldwide (depending on the definition of obesity). Obesity is
normally defined as: “A condition of abnormal or excess body fat (triglycerides), which is asso-
ciated with a number of disorders of life-threatening or debilitating disorders or diseases”.

2. Obesity: how it is classified

As the direct quantitative and/or qualitative analysis of the body fat contents (i.e. white adi-
pose tissue type, WAT) is associated with some erroneous interpretations, and “body mass
index” (BMI), which serves as a simple weight-to-height ratio (measured as kg/m?), is nev-
ertheless typically used to classify overweight and obese adolescents and adults. Consistent
with this concept, the World Health Organization (WHO) has published international stan-
dards, by which one may classify, with a certain degree of precision, overweight and obesity
in adults. The condition of obesity is measured as a BMI value larger than 30 kg/m? however,
it can be further subdivided according to the severity or the “degree” of excessive weight [1].

Even though the BMI value furnishes health professionals with a straightforward and simple
estimation of obesity, a far more useful “interpretational” aspect of overweight resides with
the regional localization of excessive, white type of body fat (WAT). Both the mortality rate and
morbidity incidence vary substantially with the distribution of bodily fat, yielding the high-
est possible health risk associated with enlarged abdominal fat depots (i.e. so-called central
obesity). This type of obesity, which is related to WAT contents, is associated with a plethora
of diseases/ailments, encompassing debilitating conditions like cardiovascular disease (CVD),
as well as non-insulin-dependent diabetes mellitus (NIDDM). The impact of central obesity,
accompanied with a lower amount of brown adipose tissue (BAT, which normally burns and

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) g
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rarely stores fat as triglycerides), clears in populations (e.g. Asian) who display a tendency
towards relatively low BMI values but rather high levels of abdominal fat, which make them
particularly prone to NIDDM, high blood pressure (hypertension) and coronary heart disease
(CHD). Studies of various Asian populations recently revealed that some 20% of adults, not
already classified as being overweight or obese, still displayed marked central obesity, render-
ing them more prone to develop or incurring these associated disease states. Other methods
of analysis measuring abdominal fat are available, such as ultrasound recordings, waist cir-
cumference and/or waist-to-hip ratios (WHR). However, unlike BMI values, these are rarely
measures routinely, but alterations observed with waist circumference do reflect altered risks
for developing CVD, as well as other chronic diseases. As with BMI, cut-off values have been
shown to identify enhanced risks; however, for waist circumference observations, these are
both sex and population specific. Hence, as the risk prediction varies from one population to
another, single global values cannot easily be applied with high precision [2].

3. The global epidemic of obesity

The prevalence of obesity is escalating in most part of the world, affecting men, as well as
women and children. Furthermore, obesity is presently no longer just a concern or a problem
for developed countries, since it since long has become a growing problem in most develop-
ing countries, as well.

3.1. The prevalence of excessive weight gain

One should emphasize that it may often be hard to draw a direct comparison of the prev-
alence of adiposity between different countries, due to differing or inconsistent classifica-
tions used for the assessment of the disease. This problem could be “rectified” adopting the
WHO-developed, standardized assessment/classification of obesity in harmonizing surveys
in the future. Analysing a large body of available data, the worldwide prevalence of obesity
has shown to range from some 5% in China, Japan and a few African countries to levels ris-
ing to some 75% of the adult population in urban Samoa. These data speak for themselves
and indicate a varying prevalence of obesity within different countries/parts of the world.
Furthermore, obesity levels vary, depending on ethnic origin. In the USA, and particularly
amongst women, there are marked differences in the prevalence of obesity, when scrutinizing
populations of different ethnic origins. However, a growing prevalence of obesity amongst
children is also a major concern worldwide. However, a certain discrepancy in the “acknowl-
edged” agreement in defining obesity in both children and adolescents has introduced
difficulties in estimating “true” prevalence data [3].

The International Obesity Task Force (IOTF) has launched a novel approach to estimate
overweight and obesity amongst children. The intention here is to make it consistent with
the definition of adult adiposity (http://bmj.com/cgi/content/abridged/320/7244/1240).
Nevertheless, by using the existing WHO standards, collected information from some 80
developing countries, as well as a plethora of industrialized countries/areas around the
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world, an expert panel has suggested that some 22 million children under 5 years of age,
were in fact overweight worldwide, already some 20 years ago. And, there also exists clear
evidence that this problem is increasing; within the USA, the percentage of overweight
children (aged 5-15 years of age) has more than doubled over the past 30 years, from some
15% to a stunning 30% [4].

4. Trends and predictions

Several countries have, since long, experienced a marked increase in obesity rates during
the last 18-20 years, and during the past decade, these levels have risen by an average of
25% (give or take 10%). In Great Britain, the prevalence of obesity was doubled since 1980.
And, upon scrutinizing current trends, it was predicted that the levels of obesity would con-
tinue to rise unless action is taken now. Some 20 years back, the World Health Organization
(WHO) stated that “the growth in the number of severely overweight adults is expected to
be double that of underweight during 1995-2025". Interestingly, crude projections or rough
estimates from extrapolating of data newly collected, indicate that, by the year 2025, the
prevalence of obesity could affect as many as 45-50% of the population within the US, and
between 30 and 40% in Australia, England and Mauritius, and more than 20% in Brazil [5].

5. Key patterns describing obesity

A set of factors have been associated with obesity, such as age, gender and social and eco-
nomic status. In developed countries, the natural pattern seen in the elders is an enhance-
ment in body mass, especially in 50-60-year-old men but in women as well. However, the
relationship between “unhealthy” obesity and “old” age is similar in the main part of devel-
oping countries. Interestingly, one may observe that maximum rates of weight gain seem
to appear at an earlier age (i.e. around 40 years of age). The drop in prevalence, when this
obesity peak is reached or passed, seems to be partly attributed to a decline in the sur-
vival rate of obese individuals. A clear-cut difference between genders is now emerging
in an increasing number of countries, showing that (in fact) more women than men are
developing obesity (BMI > 30). Contrastingly, the proportion of men who tend to develop
overweight (BMI 25.0-29.9) seems to be greater than for women. Certain patterns also seem
to emerge, “transversing” socioeconomic groups. Within developed countries, levels of
obesity tend to be elevated in the lower socioeconomic spheres, while in most developing
countries/areas around the globe, this relationship is reversed. The transition from rural to
urban lifestyles is heavily associated with an increase in the prevalence of obesity, which has
been associated with marked and overt changes in lifestyles (e.g. enhanced intake of high-
energy-dense alimentary based, as well as a decrease in physical activity, whether NEAT
(non-exercise activity thermogenesis) based or exercise “induced”). Furthermore, ethnicity
is also believed to feature associated with a marked spectrum, reflecting a large variation in
levels of obesity [6].
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5.1. Social, health and economic costs of obesity

Obesity comes with a large spectrum of negative health-related, social and economic con-
sequences. The rates of mortality and morbidity tend to be far much higher amongst over-
weight and obese people than lean individuals. An increased BMI value is closely linked with
a greater risk of disease states like CHD, hypertension, hyperlipidaemia, NIDDM and certain
cancers. Additionally, obesity has since long (20 years) been established as a major indepen-
dent risk factor for the development of CHD by the American Heart Association [7]. In this
context, modest weight reduction has been shown to significantly reduce the risk of these
serious health conditions. Furthermore, as an additional impact on anyone’s health, obesity
represents a major social burden. The obesity “condition” has been denominated as the “last
remaining socially acceptable form of prejudice”, which not only exists amongst the general
public but also resides within the majority of healthcare professionals. Tragically, negative
attitudes of some healthcare professionals may seriously impede or postpone the treatment of
overweight and obese individuals.

Often, one may observe that the serious health and social consequences of obesity are overshad-
owing the economic cost to society and to the individual. For instance, as long back as in 1995
in the USA, the rough cost attributable to obesity was estimated at $99 billion. Furthermore,
in several developed countries, the obesity epidemics have been estimated to account for as
much as 2-7% of the total healthcare costs. Additionally, in addition to the direct costs of
obesity come financial obligations related to individuals (i.e. health deterioration and reduced
life quality = intangible costs) and the society, in terms of productivity loss, with increased
sick leave and premature pensions (serving as indirect costs). The prevention incurred turn
out to be more cost-effective than offering treatments, as far as economy is concerned. And in
addition, healthcare providers, as well as policymakers, should acknowledge the importance
of the obesity epidemic and its prevention, as well as develop cost-effective policies and pro-
grammes, in order to prevent this increasing worldwide epidemic to conquer the whole world.

6. Is there an imminent need for action?

Obesity has become a serious, debilitating medical condition, which definitely needs imminent
attention and an urged action plan, encompassing the entire world. The International Obesity
Task Force (IOTF) was established already in 1996, in order to tackle the emerging global epi-
demic of obesity; however, the expected results have not been met, as defined some 20 years back.

The IOTF serves as a part of the IASO, the International Association for the Study of Obesity,
being an organization representing some 45-50 national obesity associations worldwide. Its
task force has been composed of top experts on obesity, as well as related disease states from
all over the world, including countries like China, Japan, Chile, Australia, Brazil, the USA,
Canada and Europe. IASO is an NGO when it comes to formal relations with WHO. However,
the IOTF has been collaborating closely with the WHO and thus closely engaged with other
international health organizations, for instance, the commonwealth, as well as national gov-
ernments, in order to increase the awareness and aid in developing of solutions to reduce the
spread of global obesity [8].
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The IOTF initiative encompassing the prevention and management of obesity sets out to fulfil
four major goals:

1. To increase the awareness amongst governmental agencies, healthcare professionals as
well as the community sustaining the idea that obesity is a serious medical condition con-
stituting a major health problem evoking substantial economic costs.

2. To collect evidence and guidance in order to develop better prevention and management
strategies for weight loss.

3. To secure the commitment of policymakers to strongly act with preventing measures.

4. To foster the development of national, regional and/or international infrastructures, ena-
bling and supporting an implementation of action on both overweight and obesity.

Then, the emerging question is what will come out of the effort put forward by the IOTF? A
quick search on the net revealed the following answer or suggestion: http://www hse.ie/eng/
health/child/healthyeating/taskforceonobesity.pdf

This report was written around 10-12 years ago, and some of the goals, set out to be reached,
have been met. However, it seems that one of the world’s most harmful epidemics, threaten-
ing the health of mankind, is hard to combat, and extraordinary and “ingenious” measures
should be taken.

7. The WHO consultation report on obesity

In 1997, the WHO, in collaboration with the IOTF, arranged an expert consultation on obe-
sity, in order to review the extent of the problem incurred by the obese individuals, as well as
examining the need to develop public health policies and programmes, in order to combat the
global problem of overweight and obesity. This summon of consultants resulted in a publica-
tion of an interim report entitled: “Obesity —preventing and managing the global epidemic”
[7], with the subsequent WHO Technical Report Series No. 894 [9].

However, what were the suggestions by the IOTF to combat the obesity problem? The IOTF
aimed to engage in a campaign to prevent and manage overweight and obesity, as well as
endeavours to encourage and support the development of appropriate public and health
policies, as well and programmes aimed at the prevention and management of obesity.

Author details
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Obesity as a Growing Public Health Problem
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Abstract

Obesity is one of the most important reasons for reduced life expectancy within the
“modern” world. The prevalence of overweight and obesity continues to increase both
in developing and in developed countries. It is common in every age group, from
pediatric to geriatric individuals, which serve as our future and heritage in the universe.
It was clearly seen in reported studies around the world that overweight and obesity
are still growing epidemic health problems. It is well known that obesity results in
impaired health and premature death. Obesity does not only impair the physical and
mental health of people but also impairs economic wealth of most communities. The
heavy burden of treatment cost and reductions in effective labor power leads to financial
losses all over the world. Obesity has a higher morbidity rate than diseases emanating
from underweight. Primarily, we have to find a reasonable and sustainable solution to
this problem, in order to reach the longer life expectancy and more qualified life span
in the twenty-first century. The policy makers in health services and health professionals
in medicine have important roles to prevent and cure this “contemporary” epidemic.
Additionally, the most crucial step for people is to get rid of the prevailing inertia and
take personal responsibility for their health development.

Keywords: obesity, overweight, prevalence, public health, survey

1. Introduction

1.1. What is obesity and its health-related and economic consequences?

As far as we know, there was no obesity problem in the early age of life on Earth while the
human being had lived as a hunter and gatherer. Unfortunately, improvements in agriculture,
food processing, marketing, rural, and urban planning with low physical activity patterns,
resulted in an “obese world” over time. The body weight is regulated by various physiological

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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mechanisms that maintain the balance between energy intake and energy expenditure. Obesity
occurs when the body consumes more calories than it burns, through overeating and
underexercising [1]. Obesity could be defined as a final picture of abnormal, excessive fat
accumulation in the body because of increased feeding and decreased physical activity [2].
When the body weight exceeds 20% above what is considered normal, according to standard
age, height, and weight tables, it is defined as obesity [3]. Obesity is not only a cosmetic
concern, but it is also a complex disorder, which increases the risk of impaired health.
According to various studies, overweight and obesity are important contributing factors for
the development a variety of mental and physical disorders [4, 5]. Excess bodyweight is the
sixth most important risk factor contributing to the overall burden of disease, worldwide [6].
The obese individuals incur an elevated risk from all-cause mortality. It has been reported that
obesity is the fifth leading risk factor for global deaths. The mortality rate from all causes in
the obese population is at least 20% higher, compared to the normal-weighted society [7].
Information has been provided showing that obesity lead to several disorders including type
2 diabetes mellitus, high blood pressure, cardiovascular diseases, stroke, kidney disease,
breathing problems, sleep apnea, osteoarthritis, malignancy, mental problems (such as clinical
depression), anxiety, and eventually impaired health in general [8-11]. Since obesity tends to
exert a global impact on inflammation, it increases the risk of many cancer types, such as breast,
colon, endometrial, kidney, gallbladder, and liver cancers [12]. It has clearly been shown that
obesity results in lowered quality of life, as well as a higher risk of premature death [5]. Overall
quality of life could be diminished due to disability, depression, and social isolation of the
obese person, besides impaired physical health. It has been proven that obesity markedly
reduces life expectancy [13]. The severe consequences of obesity for physical health and
emotional well-being already emerge in childhood [14], and it is well known that childhood
obesity is the most serious public health problem, as children are more likely to become obese
adults in their future life. Furthermore, it has been shown that overweight and obesity
developed in childhood confers significant impact on both physical and psychological health
in the future [1, 14, 15]. Overweight and obese children will also be exposed to higher risk of
disability and premature death [16]. A vicious circle has been shown in children who are
overfed, as they become overeating adults [15].

The childhood obesity has also been linked to cardiovascular disease risk during adulthood.
This is compounded by the risk related to chronic hyperglycemia exposure in youth with
type 2 diabetes mellitus [17]. The World Health Organization (WHO) reported that children
in low- and middle-income countries are more vulnerable to inadequate prenatal, infant-
and young-child nutritional states. And, at the same time, these kids are exposed to high-fat,
high-sugar, high-salt, energy-dense, micronutrient-poor foods, which tend to be lower in
cost and also lower in nutrient quality [18]. These dietary patterns, in conjunction with low-
er levels of physical activity, result in a sharp increase in childhood obesity, while undernu-
trition issues remain unsolved [18]. The obesity and overweight conditions are also
pervasive among elderly people. It has been reported that obesity is also the problem of
wealthy people. However, obesity now inversely affects the poor and uneducated people. It
has been reported in several studies that obesity is higher in low social classes, amongst
those on a low educational level, and within ethnic minority groups [7, 18]. WHO reported
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that children in developing countries incur a risk of obesity and inadequate nutrition, simul-
taneously [18]. The obesity and overweight are also pervasive among elderly people. The
prevalence of obesity is rising progressively among older age groups [19], and it is well
known that main complications of obesity in elderly people is the metabolic syndrome (with
glucose intolerance, hypertension, and cardiovascular disease) [20, 21]. It is therefore not
surprising that obesity increases the risk of heart failure in elderly. Other serious consequen-
ces of obesity in elderly people are the several cancer types, Alzheimer’s disease, pulmonary
dysfunction, osteoarthritis, obstructive sleep apnea syndrome, and functional inactivity [20,
22, 23]. It has been proven that inactivity, (mostly depending on obesity), aging, and comor-
bidity reduced quality of life are commonly leading to frailty and premature death in elder-
ly people [3, 24]. The other dark side of obesity is the economy. It is obvious that obesity
leads to many health problems, which can cost millions to treat.

Obese individuals are likely to have more medical and health problems [1]. Moreover, these
reduce personal economic productivity, due to impaired health. It was reported that obese
individuals have medical expenses that were approximately 30% greater than their normal
weight peers [25]. Obesity is considered a top public health concern, due to the high level of
morbidity and mortality in the United States [26]. It was reported that medical costs for obesity
accounted for 40% of the healthcare budget in 2006. The medical care costs of obesity in the
United States were estimated to be $147 billion in 2008. The annual nationwide productive
costs of obesity-related absenteeism range between $3.38 billion ($79 per obese individual) and
$6.38 billion ($132 per obese individual). Obesity affects 34% of children in the United States.
For the pediatric healthcare delivery system, expenses were $179 per year higher in obese
children versus children with a normal body mass index (BMI) [24]. Recently, it was reported
that direct medical cost of overweight and obesity combined is approximately 5.0-10% of the
United States healthcare spending [27]. The actual cost of obesity and related morbidity in
developing countries have not been reported in any detail to date, but it is clear that prevalence
of childhood and adulthood obesity is increasing in low-income countries, which lead to heavy
treatment burden in their domestic budget.

1.2. Prevalence of overweight and obesity

Obesity threats public health more than communicable diseases in the present world. Over-
weight and obesity cause death in more people than those being underweight. The increased
prevalence of obesity has occurred in the United States during the last 30 years [27], and
according to WHO, the worldwide prevalence of obesity, more than doubled between 1980
and 2014 [18]. In 2014, more than 1.9 billion adults, 18 years and older, were overweight. Of
these, over 600 million were obese [28]. Historically, at the beginning of the era, obesity was
only the problem of rich people and the affluent countries. However, obesity is now dramat-
ically increased in lower and middle-income countries. Rural-urban comparisons and migra-
tion studies provide evidence for an effect of modernization in increasing the prevalence of
obesity [7]. Fifty percent of the adults are overweight and obese in many countries [15]. The
“WHO-MONICA” study revealed markedly different prevalence patterns within Europe,
ranging from 7% in Swedish men to 45% in women from Lithuania [28]. It was asserted, in a
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research report from China, that 55.6% of the population express central obesity [10]. Obesity
prevalence in the United States ranged from 29 to 50% [28, 29], and around the world, rates of
obesity are on the rise—since 1980, the global obesity rate has nearly doubled, and there are
now over 200 million obese men and nearly 300 million obese women. However, the Japanese
population is exempted from these trends [28].

Overweight and obesity affect every age group around the world. The National “Health and
Nutrition Examination Survey” in the United States has reported that the prevalence of obesity
is on the increase in all the pediatric age groups, in males and females, and in various ethnic
and racial groups [1]. World Health Organization (WHO) reported that 39% of adults were
overweight in the year 2014, especially in the urban area [18]. The more disturbing situation
is that the 42 million children under the age of five were overweight or obese in the year 2013
[18]. The childhood overweight and obesity in developing countries have been 30% higher
than in the developed countries [18], and childhood obesity has reached epidemic levels in
developed countries! Twenty-five percent of children in the United States are overweight and
11% are obese [18, 30, 31]. Although there is a paucity of data on the prevalence of childhood
obesity in developing countries, the worldwide prevalence of pediatric obesity has increased
several-fold in recent years [18].

1.3. What is the common reason?

There is no single cause for overweight and obesity. The mechanism of obesity development
is not fully understood, and it is believed to be a disorder with multiple causes. In the human
body, excess energy is stored as fat in the adipose tissue, in order to be used in case of an energy
deficit. Formerly, the focus on adipose tissue and adipogenesis (which means the development
of fat cells) has been on obesity. The molecular and biological studies in adipose tissue have
displayed unpredictable results. But, the negative image of adipose tissue has been turned
around with the discovery of its crucial role in immune responses, glucose homeostasis, as
well as thyroid biology and reproductive functions [32]. During the past two decades, it has
been recognized that adipose tissue, which contains both white and brown adipocyte, is
regulating energy balance and substrate metabolism [33, 34]. The white adipose tissue (WAT)
is storing energy as triglycerides and is chiefly responsible for the obesity due to excess energy
storage [35].

The regulation of energy intake and expenditure is a homeostatic process. Adipocytes secrete
bioactive proteins, such as leptin, adiponectin, visfatin, omentin, tumor necrosis factor-a (TNE-
), cytokines, resistin, and retinol-binding protein 4, responsible for the regulation of overall
energy homeostasis [32]. Therefore, obesity may be regarded as an inflammatory reaction in
the human body, and consequently, WAT is mainly associated with obesity. The circulating
inflammation-related adipokines are usually increased, as the adipose tissue expands [33].
However, the brown adipose tissue (BAT), which surrounds the hearth and large vessels
during infancy, serve as important “furnaces” burning energy in the human body [35]. The
amount of BAT decreases in adulthood as humans mature and can now only be found within
white fat pads as scattered cells. The brown adipocytes are multilocular and contain less lipid
than white adipocytes [32, 35], and BAT exerts a very important role in the regulation of energy
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turnover by increasing when the environment turns cold, as well as with catecholamine
discharge [36]. This knowledge points to the fact that various factors may serve as internal and
external “regulators” in either combatting or preserving obesity. Environmental factors,
lifestyle preferences, emotional problems, and cultural environment play pivotal roles
externally in the rising prevalence of obesity worldwide [15]. However, one fundamental cause
of overweight and obesity is an energy imbalance between consumed and expended calories.
Once overweight, then obesity takes place, when the body consumes more calories than it
burns. Factors, such as inactivity, unhealthy diet, eating habits, family lifestyle, metabolism,
and genetics play important roles in the development of overweight and obesity [1]. It was
reported that over the 90% of obesity causes are idiopathic and <10% are associated with genetic
and hormonal causes [1]. Various countries, from America to Europe, from the Middle East to
North Africa, have reported that obesity is a major health issue [29-31, 37, 38]. It was docu-
mented that every country (from developed to developing) has own particular contributing
factors to obesity, including the fast food chains, adopting western like eating, traditionally
lack of exercises and more. However, they have reported that low educational and socioeconomic
level as a common point.

1.4. What can be done?

The studies have shown that understanding the biology of adipogenesis might lead to an
effective solution treating the obesity epidemic. Researchers are specifically asserting that a
manipulation of adipocyte biology, via enhancement of leptin and adiponectin synthesis,
would be a sounder strategy combatting the obesity epidemic [32]. They reported that
reactivation of BAT in adult humans is a potentially viable solution for successfully treating
the obesity epidemic [32]. Almost all researchers agree that prevention is the key strategy for
controlling the current epidemic of obesity. However, obesity prevention is one of the greatest
public health challenges in the twenty-first century. The International Obesity Task Force
(IOTF) has been working with this purpose for a long time [18]. Although 50% of the adults
are overweight and obese in many countries, obesity and overweight are preventable and
curable [7, 18]. It is well known that heavy children incur an increased risk of being overweight
adults, and it is harder for them to reduce excessive weight, once it becomes established [39].
For this reason, prevention of obesity, especially in the low age group, is the key strategy for
controlling this epidemic problem. The weight control must be constituted in early childhood
[15]. Prevention may include primary prevention of overweight or obesity, secondary preven-
tion or prevention of weight regains following weight loss, and avoidance of more weight
increase in obese persons unable to lose weight [15]. There is no doubt that the primary
prevention is the main strategy for controlling this growing public health problem. Supportive
environments and communities are fundamental in shaping people’s choices and preventing
obesity [15]. However, the clinical and epidemiological evidence demonstrated that lifestyle
factors, like physical activity and nutrition, should be efficient to some degree to prevent and
treat overweight and obesity in the adult population [2, 8]. As part of the intervention strategies
and staff in early life, parents should be primarily enlightened for the results of their act on
their children. Management of obesity in children differs from adults and focusing on the
prevention of weight gain is more important rather than weight loss during childhood.
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Effective health service should be established for the top priority groups, i.e., the children and
adolescents. As the prevalence of overweight and obesity is higher in low-income and
uneducated people, the educational program should be implemented by institutions like
schools and the media. Obesity and its comorbidities necessitate careful clinical assessment to
identify underlying factors to allow coherent management. Effective long-term weight loss
depends on permanent changes in dietary quality, energy intake, and activity [6]. There is no
concern about personal responsibility being crucial for ongoing healthy life. For this reason,
WHO describes the actions to support healthy diets and regular physical activity. WHO
suggests that people should limit energy intake from total fats and sugars and increase
consumption of fruits and vegetables, as well as legumes, whole grains, and nuts, at an
individual level. People can engage in regular physical activity (60 min a day for children and
150 min per week for adults) [18]. WHO also emphasizes that individual responsibility can
only have its full effect where people have access to a healthy lifestyle. Therefore, at the societal
level, it is important to support individuals through sustained political commitment. It is clear
that the responsibility could be awakened with enhanced knowledge. The awareness derived
from information may force people to take responsibility with their life. All weight manage-
ment strategies need to educate people about healthy lifestyle. Weight management, to be
achieved chiefly by behavior techniques that focus on lifestyle, includes dietary measures and
physical activity. The public health policies should be established to prevent and avoid
overweight and obesity in every age group. With this purpose, the policy makers in public
health services should build sustainable strategies for a healthy environment for physical
activity and non-processed (raw) food for healthy diet. WHO has developed the “Global Action
Plan for the prevention and control of noncommunicable diseases 2013-2020.” The countries
commit to advance the implementation of the WHO Global Strategy on Diet, Physical Activity
and Health, including, where appropriate, through the introduction of policies and actions
aimed at promoting healthy diets and increasing physical activity in the entire population [18].
The government’s role in obesity has largely focused on interventions and policies, such as
national surveillance, obesity education and awareness, grant-based food subsidy programs,
zoning for food access, school-based nutrition programs, dietary guidelines, nutrition labeling,
and food marketing and pricing policies. Over the last 50 years, the childhood obesity problem
has caught researcher’s attention. Although they agree that prevention is basic, one still needs
to understand why childhood obesity is a common problem, from east to west, and poverty
to affluent countries around the world. Moreover, the low and middle-income countries
experience a double burden of diseases derived from malnutrition and western like fast-food
nutrition, simultaneously. To prevent the epidemic and find a sustainable solution for the
childhood obesity problem primarily, it should be understood why children develop obesity.
There is no doubt that unexpected changes in society’s way of living affect children’s lifestyle
and well-being deeply. What are the changes in adult life, regarding the facilitation of reducing
the incidence of obesity in their children? In order to shed some light on the problem in
question, researchers, policy makers, doctors, healthcare providers, and finally, the whole
society must think again on societal norms and man’s way of living. The lifestyle of human
beings changed fundamentally in the twenty-first century, due to developing technology,
agricultural changes, food processing, and marketing. The most striking change in human
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behavior is getting too familiar with a lifestyle ruled by technology. As a result, the essential
chain between production and consumption disappeared. People’s behavior about consump-
tion without sound skepticism reflects on their children. Children’s nature is prone to activity.
Everybody has observed his or her unlimited energy. However, this “modem” way of living
has repressed the “life energy” of children and turned it into “virtual energy”. A new approach
is required for combatting the childhood epidemic obesity problem, since the present problem
isenvironmental and not genetic. The frequency of “obesity” gene expression hasnotincreased
in the population, but the children’s environment has changed. Combatting the childhood
obesity epidemic can be achieved with changing in societal norms. Children are hermeneutical
entities like adults, and they need durable role models in their lives. Therefore, preventing the
childhood obesity depends on the prevention of adulthood obesity. Society must be recon-
structed and rid themselves of the vicious circle of overeating, overconsuming, inactivity,
technology, impaired biorhythms, sleepiness, and finally meaningless activities. People will
have to retrieve a sound purpose and meaning in their lives. There are two possible ways of
fighting the obesity epidemic; reforming social norms or modifying people’s organ/cellular
phenotypes, introducing a predefined diet and exercise program.

2. Conclusion

Lifestyle preferences, cultural environment, education, socioeconomic level, and environmen-
tal factors, play pivotal roles in the rising prevalence of obesity worldwide. It is important to
emphasize that all of the given causes for the increased levels of obesity are predicated. It is
essential to build sustainable strategies for a healthy lifestyle. The most crucial step for people
is to take personal responsibility for their health. There is no doubt that the primary prevention
is the main strategy for controlling this growing public health problem.

3. Key points

* Overweight and obesity cause death of more people than underweight and communicable
diseases.

* Overweight and obesity reduce life expectancy.

¢ Overweight and obesity impair health and reduce quality of life.

* More than half of the population in the world is overweight and obese.

* The worldwide prevalence of obesity more than doubled between 1980 and 2014.
¢ Obesity in children is a major health concern in the developed world.

* Almost a quarter of children around the world are overweight and obese.

* Forty-two million children under the age of five are overweight or obese.
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* Obesity affects 34% of children in the United States.

* Overweight and obese children are being overweight and obese when becoming adults.

* The prevalence of overweight and obesity is higher in poor and uneducated people.

¢ Education is the most important step for challenging obesity.

* Primary prevention is essential for challenge obesity.

* The policy makers in health services, and health professionals in medicine, play important
roles in preventing and curing this “contemporary” epidemic.

* People should take personal responsibility for their health development.

¢ Combatting the childhood obesity epidemic can be achieved by changing social norms.

* Obesity is preventable.
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Abstract

Both the scientific community and the general public have come to recognize the
increasing prevalence of obesity as a significant public health crisis. To help address this
issue, recent research has begun to explore lay theories of obesity —the mental models
that structure how non-experts think about the causes and consequences of the
condition. In this chapter, we develop an integrative review of the literature on lay
theories of obesity, drawing on research in public health, communications, and
psychology to illuminate the factors that shape beliefs and attitudes toward the
condition, as well as the consequences of specific lay theories for cognition and behavior.
At the individual level, we discuss how certain ways of thinking about obesity facilitate
obesity treatment and prevention. At the societal level, we discuss how certain ways of
thinking about obesity lead people to support (and oppose) specific types of obesity-
related policy interventions. We pay special attention to the role of narrative framing
and individual demographics in the etiology of lay beliefs and explore how particular
psychological mechanisms (e.g., empathy) can affect attributions and attitudes.

Keywords: obesity, framing, narrative, communication, lay theories, causal attribution

1. Introduction

[t is now common knowledge that obesity is unhealthy and poses a significant risk to millions
ofadultsand children worldwide[1]. Being overweightpredisposes people toavariety of serious
medical conditions [2, 3] and is associated with a lower quality of life and expected life span [4-
6]. Butdespite widespread appreciation of the dangers of being extremely overweight, incidence
rates have been steadily climbing for years, resulting in what many doctors and public health
officials view as an urgent public health crisis [2, 3]. In the past 50 years, obesity rates have risen
rapidly all over the world, at all levels of age, race, and sex [7].

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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As our scientificunderstanding of the causes and consequences of obesity grows, it is especially
important to track how the general public thinks about the condition. People have “lay
theories” [8] about the causes and consequences of obesity that can differ markedly from the
comparatively complex and nuanced scientific perspectives on obesity that have developed in
recent years. For example, although public health officials have identified a range of complex
social, physiological, and psychological factors that contribute to being obese [9], many people
still think that individuals alone are responsible for maintaining a healthy weight [10, 11] (but
see [12]). Such a disconnect represents an important obstacle for policy makers who seek to
design and implement interventions that would address causes of obesity outside a person’s
control —since many people deny that obesity results from anything other than poor lifestyle
decisions made at the individual level. In a democracy, public perceptions can be just as
important for addressing complex issues as scientific theories and breakthroughs, since policy
interventions are more likely to be accepted when they are consistent with the general public’s
understanding of an issue such as obesity [13, 14].

By investigating lay theories of obesity, therefore, researchers may gain a better understanding
of why obesity rates are on the rise while at the same time they may be able to identify effective
ways to address this public health crisis [15-17]. For example, it is important to know whether
people think that self-regulatory behaviors such as diet and exercise can help maintain a
healthy weight or whether people think that their weight is primarily determined by factors
outside of their control. Several recent, but controversial, scientific studies have questioned the
efficacy of diet and exercise for the prevention and treatment of obesity [18, 19]. This work has
received substantial attention in the popular press, which is often distilled to pithy headlines
such as, “Why you can’t lose weight on a diet” [20]. How do people interpret these claims in
light of what they know about obesity —and what do people know about obesity in the first
place? Can messaging strategies be developed to promote support for the kinds of interven-
tions that public health officials have argued will provide better treatments for obesity and
reduce the prevalence of an issue that poses significant costs to individuals and society?

In this chapter, we develop an integrative review of the literature on lay theories of obesity,
drawing on research in public health, communications, and psychology to illuminate the
factors that shape beliefs and attitudes toward the condition, as well as the consequences of
specific lay theories for cognition and behavior. We pay special attention to the role of narrative
framing and individual demographics in the etiology of lay beliefs, and explore how particular
psychological mechanisms (e.g., empathy) can affect how people think and reason about
obesity.

2. Trait theories

People often think about obesity in the same way they think about other physical or psycho-
logical traits: as a basic attribute that individuals possess to varying degrees. Dweck et al. [21,
22] have identified two opposing lay theories that characterize how people think and reason
about a variety of traits, which are distinguished by the degree to which the trait is viewed as



Lay Theories of Obesity: Causes and Consequences
http://dx.doi.org/10.5772/65341

malleable [21, 22]. People who hold an “entity theory” of intelligence (also known as “fixed
mindset”), for example, think about the intellect as something hard-wired and stable, while
those who hold an “incremental theory” (also known as a “growth mindset”) believe their
intellectual abilities can grow through effort and hard work. Holding one of these theories is
associated with a great deal of downstream behavior and cognition. For instance, incremental
theorists are more committed to their learning goals and are more persistent in the face of
adversity than people who think their intellectual abilities are fixed.

A recent study of dieters [23] found that people who hold incremental theories of obesity adopt
qualitatively different strategies for losing weight compared to those who hold an entity theory
of obesity. Consistent with prior research, incremental theorists were much more open to
changing their lifestyle—to embrace a new diet, implement a novel exercise routine, or attend
group meetings—in the service of achieving their weight-loss goal.

3. Causal theories

Another class of lay theories considers the causal origins of obesity, which may or may not
have implications for beliefs about malleability. Research suggests that people often rely on
narrative structures that include extended metaphors and analogies to think about complex
issues like obesity [17, 24-27], and one recent study identified seven common narratives for
obesity that capture different causal beliefs about the condition (see Table 1; [10]). Importantly,
these narratives are also associated with different ways of thinking about how to address the
problem of obesity —both at an individual and at a societal level [10, 16, 17].

A critical dimension that differentiates these lay causal theories is the degree to which they
attribute personal responsibility or blame to obese individuals for being overweight. At one
extreme is the view that individuals are entirely responsible for maintaining a healthy weight
—the idea that addiction is a “sinful behavior.” At the other extreme are views that suggest
obesity is entirely the result of factors outside a person’s control, such as a “toxic food envi-
ronment” or “industry manipulation.”

The idea that obesity is the result of “sinful behavior” evokes the biblical ban on sloth and
gluttony [28] and places responsibility for maintaining a healthy weight squarely on the
everyday decisions that individuals make about diet and exercise. Psychiatrist and media
personality Keith Ablow embodies this perspective when he explains that obesity “is largely
caused by poor decisions—like binging on food or eating lots of candy, ice cream or Cheetos”
([29], p. 1). On this view, rising rates of obesity are the result of more people making worse
decisions about their health; addressing obesity, within this framework, is a challenge for
individuals to eat healthier and exercise more.

Barry et al. [10] found that more than half of the participants in their survey of over 1000 people
thought that “sinful behavior” was an important cause of obesity. Participants who endorsed
this view tended to oppose policy interventions that public health officials argue would have
a large impact on obesity [30]: by, for example, requiring restaurants and food producers to
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list nutritional information on menus and food packaging, to increase the availability of healthy
food and opportunities for exercise, and to broaden the reach of laws designed to protect
people with disabilities.

Narrative Theme Important
explanation
Sinful behavior ~ People are unwilling to work hard to control their impulses. People who are 50.5%

overweight are not even trying to get healthier

Addiction People get hooked on certain things and just cannot quit. When people get hooked ~ 71.2%

on sugary, fatty foods, some cannot keep themselves from eating more and more

Time crunch Work has gotten in the way of important things. Obesity is a symptom of a society ~ 58.0%
that emphasizes work at the expense of well-being

Eating disorder Society sends the wrong messages about what it means to be attractive which 65.2%

leads people to go on fad diets that make them fatter

Disability We blame the victim for things they cannot control. People who are overweight 51.3%

are treated badly even though their weight problems come from their parents

Industry Commercial interests dictate our choices and values. Advertising distorts how we ~ 54.1%
manipulation value food. We used to eat to live, now we live to eat

Toxic food We are surrounded by choices that cheap but not good for us. Healthy foods are lost 77.5%
environment in a sea of unhealthy alternatives

Participants identified which ones they thought provided an “important explanation” for why Americans are
overweight. The narratives are ordered in terms of how much blame they ascribe to the individual: from highest to
lowest.

Table 1. Seven narratives identified by Barry et al. [10] for explaining the obesity epidemic.

In a follow-up study, Thibodeau et al. [17] found that certain demographic characteristics of
individuals are associated with thinking that being obese is blameworthy (i.e., to endorse the
view that obesity is the result of “sinful behavior”; see [31] to get a sense for how these
associations have and have not changed in the past few decades). Specifically, males, conser-
vatives, and people who had a lower body mass index (BMI) or who had not personally
suffered from an eating disorder were more likely to endorse the view that obesity is caused
by poor decisions about diet and exercise (see also [32, 33], for related evidence that individuals
with and without eating disorders have differing views of these conditions). This study
replicated Barry et al.’s correlational finding [10] —showing that people who think obesity is
blameworthy oppose societal-level interventions designed to prevent people from becoming
overweight. In addition, Thibodeau et al. [17] found that these participants were more likely
to support policy interventions that would increase individual accountability for maintaining
a healthy weight (e.g., policies that would allow health insurers to charge higher premiums to
people who are overweight). These results are illustrated in Figure 1.

Thibodeau et al. [17] also conducted an experiment to test whether reading a narrative about
obesity could causally influence people’s beliefs about the condition as well as their support
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for public policy interventions. Some participants read a narrative that emphasized personal
accountability (using a variant of the “sinful behavior” account), while others read a narrative
that highlighted factors outside a person’s control (combining elements of the “industry
manipulation” and “toxic food environment” themes) before being asked about their support
for a variety of obesity-related public policies. The results suggested that describing obesity as
blameworthy (sinful behavior) decreased support for protective policy interventions (i.e.,
interventions that would emphasize education, regulation of food-related advertising and
manufacturing, and increase legal protections for obese individuals) and increased support
for punitive actions (e.g., by allowing health insurers to charge higher premiums to obese
individuals). On the other hand, people who were exposed to a narrative that deemphasized
individual blameworthiness were less likely to support punitive actions. However, they were
no more likely to support societal-level policy interventions. Instead, support for societal-level
policy interventions was most strongly predicted by participants’” political ideology: left-
leaning, politically liberal participants tended to support societal-level policy interventions
more than right-leaning, politically conservative individuals.

Support for societal-
level interventions

History of
eating
disorder

a3
-354™

Blameworthiness

414"

Support for increasing

=8 personal accountability

‘ Conservativeness

Figure 1. Relationships between demographic characteristics, beliefs about the blameworthiness of obesity (as meas-
ured by participants’ agreement with narratives for obesity that varied in how they attributed blame for being over-
weight), and support for different types of interventions designed to address rising rates of obesity found in a study by
Thibodeau et al. [17]. Values reflect path coefficients in a structural equation model (*p < 0.05, ***p < 0.001).

Together, this work suggests that there are several common narratives about the underlying
causes of obesity and that these narratives provide a foundation for thinking about different
ways of addressing the complex health issue. Specifically, the view that obesity is caused by a
lack of personal motivation represents one common lay theory about obesity. The defining
characteristic of this view is that it blames obese individuals for being overweight. This blame
creates a stigma against obesity and represents a major obstacle to societal-level policy
interventions that seek to address causes of obesity that are outside of a person’s control (e.g.,
corporate manipulation and the availability of healthy food). Interestingly, this view can be
further broken down into whether people believe it is a lack of exercise or an unhealthy diet
that is the central causal factor in obesity, with predictable consequences for behavior: people
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who believe that lack of exercise plays a larger role in obesity than diet are more likely to
consume more food and be overweight [11].

At the other end of the extreme, there are a variety of lay theories about the causes of obesity
that blame factors outside of a person’s control by highlighting a “toxic food environment” or
“corporate manipulation” as culprits in the obesity crisis. Many participants in Barry et al.’s
study [10] endorsed these narratives as capturing important causes of the obesity epidemic,
and this judgment was correlated with support for more protective policy interventions.
However, an experiment designed to test whether reading such narratives would increase
support for the protective policy interventions failed to find support for a critical prediction:
people who read a narrative that minimized the blame attributed to obese individuals for being
overweight were no more likely to support societal-level policy interventions that would
address causes of obesity outside a person’s control [17]. Below, we discuss a popular alterna-
tive causal model of obesity —that it is a “disease” —which may be better suited to eliciting
such support.

4. Disease theories

In recent years, doctors and public health officials have sought to reduce the stigma of obesity
and increase support for obesity-related research and policy interventions by officially
classifying obesity as a “disease” [34-36]. Like narratives that highlight the role of environ-
mental factors in obesity (e.g., “toxic food environment,” “corporate manipulation”), describ-
ing obesity as a “disease” seems to reduce the personal responsibility associated with the
condition. However, rather than appealing to external factors—the social and physical
environments in which people live—thinking of obesity as a “disease” makes the condition
less blameworthy by appealing to underlying physiological factors as the primary causes of
weight gain [36].

Recent research suggests that this biomedical view of obesity has gone from a minority
viewpoint just three decades ago to perhaps the dominant perspective today [37] (but see [11]).
This shift represents an important achievement for public health communications. At a high
level, the increased public recognition of obesity as a “disease” in recent years suggests that
the way health officials talk about obesity has significant downstream effects on how the
general public thinks about the condition. At a more practical level, one of the specific goals
of the messaging campaign seems to have been achieved, as a majority of the US population
recently reported that thinking of obesity as a disease would facilitate treatment of the
condition [37].

However, researchers have also identified drawbacks to the disease model of obesity. The belief
that weight is somewhat fixed by biological factors may negatively impact dieting goals and
exercise intentions, especially among people who are overweight [15, 38]. In other words,
reducing the blameworthiness of being obese is a double-edged sword: it not only mitigates
the stigma associated with being overweight but also fosters an entity theory of obesity,
reducing animportant source of motivation for maintaining healthy habits that can help people



Lay Theories of Obesity: Causes and Consequences
http://dx.doi.org/10.5772/65341

lose weight (or gain it in the first place). In one study, for example, overweight participants
who read a New York Times article describing obesity as a disease displayed lower body-image
dissatisfaction compared to those who read an article arguing against the disease construal,
but they also expressed less concern for healthy dieting and were more like to make unhealthy
food choices when given the chance [15].

There are, certainly, many different types of diseases, and thinking about obesity in terms of
one particular type of disease or another may have unique consequences for reasoning and
behavior. For instance, conceptualizing obesity as a genetic disorder (i.e.,, caused by an
underlying genetic predisposition) seems to be especially associated with the belief that people
have no control over their weight [38]. In comparison to those who read a report that provided
a psychosocial explanation for obesity, one study found that people exposed to a genetic
explanation for the condition ate more cookies in a follow-up task [38]. On the other hand,
conceptualizing obesity as a form of addiction disorder seems to have more inconsistent effects
on eating behavior. One experiment revealed that while reading a message stating that food
addiction is “real” (as opposed to a “myth”) does lead people to be more likely to self-identify
as a “food addict,” these individuals did not consume a greater quantity of indulgent food in
a subsequent “taste-test” task (though they did eat a wider variety of items [39]). However,
another study found that participants who were told they had high food addiction tendencies
(as opposed to low food addiction tendencies) consumed fewer calories in a follow-up taste
test, a result which was mediated by increased concern for their diet [40].

Taken together, these findings help reveal the nuances underlying the “disease” model of
obesity, and the complex, sometimes negative, consequences of messaging campaigns that tap
into this way of framing the issue. Recent research suggests that some of the limitations
associated with standard messaging strategies may be addressed by exposing people to
personal testimonials that describe successful weight loss (rather than basic causal explana-
tions [41, 42]). We discuss this work in the following section, which also hints at a psychological
mechanism —empathy —that can be leveraged to increase support for societal-level obesity
policy interventions.

5. The role of personal narratives

So far, we have discussed the nature and consequences of several prominent lay theories of
obesity. For years, the dominant way of thinking about obesity was that it resulted from poor
lifestyle decisions—that it was the result of “sinful behavior.” This model represents a chal-
lenge to public health officials because it fails to recognize the causes of obesity that are outside
a person’s control. Alternative lay theories—that highlight “environmental” contributions to
obesity or appeal to a person’s underlying physiology by classifying the condition as a “dis-
ease” —seem to reduce the stigma associated with obesity. However, there are important
drawbacks to both. Namely, simply highlighting environmental contributions to obesity does
not seem to increase support for important interventions that would reduce the prevalence of
obesity (although evidence suggests that reading about the negative consequences of child-
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hood obesity might; see [43]), and simply describing obesity as a disease can make weight gain
feel inevitable and weight loss feel impossible.

Recent research suggests that reading personal testimonials about successful weight loss may
help people construct a more positive mental model of obesity [41, 43—-46]. Stories about
individuals struggling (and succeeding or failing) to lose weight are ubiquitous, engaging, and
provide a structured framework for thinking about the causes of and solutions to obesity [16,
17, 47]. Consider, for example, the popular reality television program “The Biggest Loser,” in
which morbidly obese contestants compete, through hard work and dedication, to lose the
most weight over the course of the season. Although the show has been criticized for a variety
of reasons—for promoting an unhealthy and unrealistic approach to weight loss [48] and
because contestants have been found to regain lost weight after the show ends [18]—there is
some evidence that it increases viewers’ sense that they have control over their weight [49].
This suggests that exposing people to personal testimonials in which a protagonist succeeds
at achieving a weight-loss goal —through healthy and realistic diet and exercise—may foster
an incremental theory of the condition, making them more optimistic about obesity treatment
in general [50].

In other words, it may be more effective to adopt a “bottom-up,” rather than “top-down,”
approach to changing the way people think about obesity. Describing the underlying causes
and consequences of obesity at a high level —by classifying the condition as the product of
one’s “environment” or the result of an underlying “disease” —represents a “top-down”
strategy: seeking to change the stigma associated with obesity and increase support for public
policy interventions by situating the condition in a particular causal framework (e.g., [51-53]).
The drawback of this approach, as noted in the previous section, is that the candidate causal
structures seem to encourage some inferences that are at odds with the goals of public health
officials.

An alternative “bottom-up” approach would describe specific instances of people successfully
losing weight, which could provide the foundation for people to induce the “right” lay theory
of obesity: one that acknowledges causes of obesity that are within and outside a person’s
control, which motivates individuals to maintain a healthy lifestyle and promotes support for
interventions that would address the social and environmental context that has given rise to
the current public health crisis.

One specific feature of personal testimonials is that they provide the reader an opportunity to
feel empathy for an individual struggling to lose weight [54]. In this context, empathy reflects
the process of identifying with someone else’s struggle with obesity —taking their perspective
and sympathizing with their condition [55]. A natural byproduct of such a feeling is an
increased awareness of factors that cause obesity that are outside a person’s control [41, 42,
56]. Thus, exposing people to personal narratives that describe successful weight loss may be
particularly effective tools for public health officials. Such testimonials may lead people to
support policy interventions that would address the social and environmental contexts that
have given rise to obesity without completely mitigating the sense of personal responsibility
that is needed to maintain healthy habits.
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A recent series of studies have tested and found support for this possibility [41, 42]. In one
experiment, participants read a personal narrative about a protagonist who had successfully
lost weight (or not) and who attributed this outcome to their own personal motivation or to
environmental reforms that enabled healthier eating and exercise [42]. One critical finding was
that reading about successful weight loss elicited significant empathy from participants —both
in the case of a protagonist who attributed successful weight loss to their own motivation and
in the case of a protagonist who attributed successful weight loss to environmental reforms.
These feelings of empathy were, in turn, highly predictive of support for obesity-related policy
interventions.

This line of work suggests that personal testimonials about obesity may facilitate a more
responsible and productive mental model of obesity. By describing a specific individual who
works hard to lose weight, a personal narrative highlights the role of healthy self-regulation
to prevent and reduce obesity. Such a description also seems to elicit empathy from readers,
which leads them to recognize causes of obesity that are outside a person’s control—and, in
turn, to support important policy interventions. In other words, personal narratives seem to
achieve the goals that have motivated recent work in the field of public health communications
(e.g., by classifying obesity as a disease), and may have fewer or less serious unintended
consequences (e.g., such an approach does not seem to undermine the importance of healthy
eating and exercise).

6. Conclusions and future directions

In recent years, the general public has come to agree with public health officials who view
obesity as a critical global concern. A 2012 survey found that 81% of the American public
believes that obesity is an “extremely” or “very serious” problem [1]. However, recent research
has found important differences between scientific and lay theories of obesity. While scientists
and public health officials recognize an array of social, psychological, and physiological factors
that contribute to obesity, non-experts often view the issue through a less sophisticated lens.
In this chapter, we have described a variety of lay theories of obesity —focusing on trait-level
beliefs, on causal models of obesity, and on personal narratives—that have important impli-
cations for the public health crisis.

At the trait level, some people think about psychological and physical attributes as relatively
fixed, whereas others think of such attributes as relatively malleable. Empirical research has
found that it isimportant for people to think of weight as malleable in order for obesity-related
treatments to work. Talking about obesity as a disease, a strategy that public health officials
have adopted in recent years to mitigate the stigma associated with being overweight, may;,
unfortunately, encourage people to think of weight as being caused by underlying physiolog-
ical factors that are outside of one’s control. Instead, focusing on the individual level—by
describing a person who successfully loses weight through diet and exercise—may represent
a more effective strategy for public health communications related to obesity. Personal
narratives elicit more empathy than causal narratives. As a result, they may be able to mitigate
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the widespread stigma against obesity and increase support for societal-level policy interven-
tions designed to address causes of weight gain that are outside a person’s control, while at
the same time encouraging people to adopt an incremental trait theory of the condition.

There are a number of opportunities for future research based on this perspective. One goal
of future work should be to consider how personal narratives for obesity affect causal and trait
theories of the condition in more detail. For instance, how does a personal narrative about
successful weight loss affect people who think of obesity as a disease? What is the most effective
way to characterize a causal model of obesity that balances the complex suite of factors that
have contributed to the rise of obesity? Another goal will be to figure out how to integrate
theoretical and experimental research into scalable public health-messaging campaigns,
putting what we now understand about lay theories of obesity —and how to change them —
into practice.
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Abstract

There are numerous genetic and environmental factors associated significantly with
obesity, which could be used as potential diagnostic biomarkers. The molecular
mechanisms, development, differentiation, and disease gene expression data provide
crucial insights as these differentially expressed genes could have major effects on diet-
induced obesity and such effect is not seen in animals. Genomics and proteomics are
major branches for better understanding the normal function of the tissues and their
interactions with the environment i.e. characterizing the tissues in which the newly
discovered genes are expressed, helps in understanding the development of tissues,
ageing mechanisms, and signalling routes that enable the tissues to function and also
direct the similitude, parallelism and other levels of aptness betwixt two or more gene
artefacts. Itis traditionally known that hypothalamic and brain stem centres are intricate
in the mandate of food absorption and energy equilibrium, but statistics on the
associated governing elements and their genes was scant until the utmost decagon and
have been identified to be strongly expressed in variety of tissues. NPY plays a notable
part in anxiety, tension, corpulence, and vitality homeostasis through incitement of
NPY-Y1 receptors (YIRs) in the mind. NPYIR quality is the protein accomplice of
qualities that are utilized as model as a part of mouse and in addition in people. Utilizing
diverse bioinformatics instruments, the relative examination of NPY1R at quality and
additionally at protein level can be assessed for biomarker of stoutness malady. In this
manner, the system science thinks about point to predict the quality of heftiness which
could be taken as a biomarker in human by examining with the quality that already has
been utilized as marker as a part of model life forms.

Keywords: network biology, text mining, obesity, bioinformatics databases and tools
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1. Introduction

Creation of networks and all their known associations [1], enabled valuable insights into
human disease and disease therapy. Protein-protein interaction mapping focused on specific
human diseases which identified novel interactions among proteins encoded by known
disease genes, and have also predicted new disease susceptibility genes. Rapid advances in
network biology indicated that cellular networks are governed by universal laws and offer a
new conceptual framework that could potentially revolutionize our view of biology and
disease pathologies in the twenty-first century [2]. Due to the wide quota of research being
conducted on this topic, much has been inscribed in the biomedical literature about the
coalition betwixt genes and diseases. Therefore, obtaining disease—gene coalition from script
is an evident use case for text mining, and disease—gene coalitions have actually formerly been
obtained by postulated co-occurrence-based text-mining structures [3-6]. Text mining is the
discovery by computer of new, previously unknown information, by automatically extracting
information from different written resources. The purpose of text mining is to process
unstructured (textual) information, extract meaningful numeric indices from the text, and,
thus, make the information contained in the text accessible to the various data mining
(statistical and machine learning) algorithms. As the research on obesity is carried out by large
groups in scientific community, this becomes the problem of big data analytics that is, the
process of examining large data sets containing a variety of data types to uncover hidden
patterns and unknown correlations. Obesity is an abnormal accumulation of body fat, usually
20% or more over an individual’s ideal body weight. Excess bodyweight is the sixth most
important risk factor contributing to the overall burden of disease worldwide. Genetic factors
significantly influence how the body regulates the appetite and the rate at which it turns food
into energy (metabolic rate). A lot is known about the genetic aspects of obesity, but much
more remains to be discovered. The primary goals are to identify the specific genetic variations
and the biologic consequences that are produced, or as commonly put, discovering the genes
and pathways involved in producing phenotypic variation and the factors that influence
obesity [7]. Thus from the present work we would find markers for obesity in humans which
would help in the diagnosis and prognosis of obesity and the same process could find its
applications for other diseases.

2. Network biology and text mining approach to find potential human
biomarkers in obesity

Network science concerns with biological entanglement by condensing composite structures
as elements (nodes) and interactions (edges) betwixt them [8]. In biological structures nodes
are metabolites and macromolecules such as proteins, RNA molecules and gene sequences,
while the edges are physical, biochemical and functional interactions that can be recognised
with a profusion of automation. Creation of networks of genetic disorders and all their known
gene associations [1], or of drugs and all their known protein targets [9], enabled worthwhile
insights into human disease and disease therapy. Protein-protein interaction mapping efforts
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focused on specific human diseases (like ataxia [10, 11], autism [12] and breast cancer [13] have
identified novel interactions among proteins encoded by known disease genes, and have also
predicted new disease susceptibility genes. The common finding among these disease inter-
actomes is the discovery of unexpected relationships between disease genes that initially ap-
peared unrelated [14]. Building and analysing more disease-centric networks is accordingly a
critical step towards deeper understanding of underlying disease mechanisms (http://
ccsb.dfci.harvard.edu/web/www/ccsb/Research/ networks.html). A key aim of postgenomic
biomedical research is to systematically catalogue all molecules and their interactions within
a living cell as shown in Figure 1. There is a comprehensible necessity to comprehend how
these molecules and the interactions betwixt them decide the role of this extremely composite
mechanism, both in detachment and when encompassed by different cells. Fast advances in
system science determine that cell systems are hegemonize by general laws and offer another
calculated structure that could change the perspective of science and infection pathologies in
the twenty-first century [2].

Genotype Systems Phenotypes
and networks
Mendelian é Mendelian
mutations > disorders
C}r’"{ =
GWAs loci _— E_gﬂn'lsplex
/ él f‘“ \
Cancer associated Tumors
genes

Perturbations

Figure 1. Uproars in Biological Systems and Cellular Networks may stamp genotype-phenotype connections. By com-
municating with each other, qualities and their items from complex cell systems. The connection between upheavals in
system and frameworks properties and phenotypes, for example, Mendelian issue, complex qualities, and tumour,
may be as major as that amongst genotypes and phenotypes [8].

Three distinct approaches have been used to capture interactome networks: (1) compilation or
curation of hitherto prevailing data accessible in the writing, more often than not removed
from one or only a couple sorts of physical or biochemical associations [15]; (2) computational
expectations in light of available “orthogonal” data separated from physical or biochemical
collaborations, for example, arrangement likenesses, quality request protection, co-nearness
and co-nonappearance of qualities in totally sequenced genomes and protein basic data [16];
and (3) orderly, unprejudiced high throughput experimental mapping strategies applied at the
scale of whole genomes or proteomes [17]. These approaches, though compatible, differ greatly
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in the feasible interpretations of the resulting maps. Literature-curated maps extend the benefit
of using already accessible information, but are restricted by the intrinsically variable quality
of the published data, the absence of orderliness, and the absence of describing of negative
data [18, 19]. Computational prediction maps are fast and efficient to implement, and usually
include satisfyingly large numbers of nodes and edges, but are necessarily imperfect because
they use indirect information [20]. While high-throughput maps attempt to report unbiased,
deliberate, and all around controlled information, they were at first all the more difficult to
start, albeit late mechanical methodology predict that close achievement can come within a
couple of years for profoundly reliable, comprehensive protein-protein connection and quality
administrative system maps for human [21]. Content mining is the disclosure by PC of new,
beforehand obscure data, by normally acquiring data from various composed courtesy. A key
part is the association of the acquired data together to frame new truths or new theories to be
viewed as further by a more basic method for examination (http://people.ischool.berkeley.edu/
~hearst/text-mining.html). The reason of text mining is to handle unstructured (literary) data,
extricate important numeric records from the content, and, in this way, make the data required
in the content accessible to the different information mining (factual and machine learning)
techniques as shown in Figure 2. Data can be acquired to get synopses for the words required
in the records or to register outlines for the archives in light of the words contained in them
(http://documents.software.dell.com/statistics/textbook/text-mining# overview).
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— e | containing gene information LE T

Information extraction
£, e prcefilie

Extracted facts EKnowledge discovery
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Figure 2. The approach followed by text mining method in general.

The heterogeneous data types are generated by experiments done. To communicate with these
scientific discoveries natural language is used which is amenable for direct human interpre-
tations. Natural language is the simple human language, different from programming lan-
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guage, through which human talks to computer. Functional information and annotations can
be derived from published text directly or indirectly. Currently databases are only capable of
covering a small fraction of biological context information encountered in the literature. For
bench scientists, published data is the best source for interpreting high-throughput experi-
ments, but automated text processing methods are required to integrate them into the data
analysis workflow. So, the user demands better information access that is beyond just keyword
searches. Moreover, due to rapid growth of information, manual extraction of information is
a difficult task. So, there is a need of an efficient approach that can retrieve the meaningful
information from this vast and unstructured text [22]. Excess bodyweight is the sixth most
important risk factor contributing to the overall burden of disease worldwide; 1.1 billion adults
and 10% of children are now classified as overweight or obese. The main adverse consequences
of being obese are cardiovascular disease, type 2 diabetes, and several cancers as shown in
Figure 3 [23]. The incidence of obesity appears to be levelling in the world and started to be a
big concern in the public health that causes social and economic costs of the twenty-first cen-
tury. The pathogenesis of obesity is complex at all levels of biology as shown in Figure 4 that
is genetics, cell and tissue biology, physiology, and behaviour. The International Diabetes Fed-
eration considers central obesity as a primary evidence of metabolic syndrome, with the ad-
ditional features which include, (1) increased triglyceride levels, (2) increased blood pressure,
(3) increased fasting plasma glucose and (4) reduced HDL-cholesterol [24]. In 1997, there was
serious buoyancy because, for the first time in 25 years, a new drug for the treatment of obesity
had been endorsed by the US Food and Drug Administration (FDA). Then, in April 1996, two
more drugs were starting their way through the acceptance procedure [25, 26]. In June 2013,
the American Medical Association classified obesity as a disease (http://www.medscape.com/
viewarticle/806566).
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‘J =i . -\-“:‘: ]
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Figure 3. Consequences of obesity.
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Figure 4. Showing extra calories in fat cells (lipocytes).

A lot is known about the genetic aspects of obesity, but much more remains to be discovered.
Medical genetics is fundamentally interested in understanding the relationship between
genetic variation and human health and disease. The primary goals are to identify the specific
genetic variations and the biologic consequences that are produced, or as commonly put,
discovering the genes and pathways involved in producing phenotypic variation, and the
factors that influence obesity [7]. Network study on genes and proteins offers functional basics
of the complexity of gene and protein, and its interacting partners as shown in Figure 5. Obese
adults and children are more likely to display elevations in plasma fabp4 levels [27, 28]. Pparg
appeared to be a core obesity gene, which interacts with lipid metabolism and inflammation
genes [25]. Genetic variants within FTO (fat mass and obesity associated) have been identified to
exhibit the strongest association with obesity in humans [29-32]. The well-known obesity-
related FTO gene interacts with APOE which in turn, is associated with Alzheimer's disease
[33] and with MC4R, resulting in a higher chance of breast cancer [34]. Gene networks can be
constructed by ensembling previously reported interactions in the literature and various
databases like STRING, DISEASES, etc. [35]. The network could be visualized and constructed
using cytoscape. Cytoscape supported several algorithms for the layout of networks which
included spring embedded layout, hierarchical layout, circular layout and attribute based
layout [36]. It was generally accepted that hypothalamic and brain stem centres are involved
in the regulation of food intake and energy balance but information on the relevant regulatory
factors and their genes was scarce until the last decade [37].
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Figure 5. Genes involved in the leptin-melanocortin pathway that have been associated with monogenic obesity
through their influence on food intake and energy expenditure.

There are numerous genetic factors, like Melanocortin-4 receptor (MC4R), Proopiomelano-
cortin (POMC), Single Minded Gene (SIM1), etc., important in obesity, which can be used as
biomarkers in humans [38]. In the past literature studies, NPYIR was used as a knockout
marker in mouse for obesity but not used as a biomarker in humans [39]. NPY1R (Neuropep-
tide Y Receptor Y1), have been recognized to actively express in variety of tissues, including
trigeminal V ganglion, heart, brain, spleen, lungs, skeletal muscle, kidney and embryo, in
embryonic as well as in postnatal Theiler stages as adamanted by RNA in situ and Northern
blot [38, 40]. Therefore, interacting patterns of NPY1R were analysed using STRING version
10.0 [41] as shown in Figure 6.

Your Input:

# NPYIR p

Predicted Functional Pariners:

de ¥ NPV i it

Figure 6. The interacting patterns of NPY1R in Homo sapiens obtained from known (curated databases and experimen-
tally determined), predicted (gene-neighbourhood, gene fusions and gene co-occurrence) and other (text mining, pro-
tein homology and co-expression) interactions.
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As NPY1R was used as an obesity marker in obesity model organisms like mouse and rat,
therefore their interactions were also observed using STRING version 10.0 as shown in
Figures 7 and 8.
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Figure 7. The interacting patterns of NPY1R in Mus musculus obtained from known (curated databases and experimen-
tally determined), predicted (gene-neighbourhood, gene fusions and gene co-occurrence) and other (text mining, pro-
tein homology and co-expression) interactions.
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Figure 8. The interacting patterns of NPY1R in Raftus norvegicus obtained from known (curated databases and experi-
mentally determined), predicted (gene-neighbourhood, gene fusions and gene co-occurrence) and other (text mining,
protein homology and co-expression) interactions.

Homo sapiens Mus musculus Rattus norvegicus

Functional partners Score Functional partners Score  Functional partners Score
NPY 0.998  Npy 0992  Npy 0.993
pPPY 0.993  Gal 0974  Gal 0.973
GAL 0.992  Pyy 0.965  Pyy 0.964
Py 0.964  pmch 0.946  ppy 0.941

Table 1. Lists the top scoring functional partners in Homo sapiens, Mus musculus and Rattus norvegicus.
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After finding the functional partners for NPY1R in human and obesity model organisms that
is, mouse and rat, top four high scoring genes were considered and further their functional
partners were retrieved from STRING version 10.0 as shown in Table 1. The score of the
functional partners were mostly on the basis of known experimental and curated databases
interactions, other interactions like text mining interactions.

The networks obtained from STRING for all the interactions were merged separately for three
organisms using cytoscape version 2.7.0 as shown in Figures 9-11.

Figure 9. The merged network for Homo sapiens interacting functional partners. The green colour node shows the main
input NPYIR for which the functional partners were searched. The sea green nodes show the top scoring functional
partners of NPY1R.

Figure 10. The merged network for Mus musculus interacting functional partners. The green colour node shows the
main input NPY1R for which the functional partners were searched. The sea green nodes show the top scoring func-
tional partners of NPY1R.

45



46  Adiposity - Epidemiology and Treatment Modalities

Fpy
os
Pyy
Hirta
Cal
o
Hpy |
A,

Figure 11. The merged network for Rattus norvegicus interacting functional partners. The green colour node shows the
main input NPY1R for which the functional partners were searched. The sea green nodes show the top scoring func-
tional partners of NPYIR.

Then these merged networks were manually analysed and it was found that there are 11 genes
which were common in the merged networks of the three considered organisms. The common
genes were npy, ppy, pdyn, gal, pomc, npy1r, sst, galrl, npy2r, ccl28 and npy5r. Then these common
genes were used to find disease-gene associations, in this case, association of common genes
with obesity using DISEASES web source [42] that integrates evidence on disease-gene
associations from automatic text mining, manually curated literature, cancer mutation data,
and genome-wide association studies was found. From DISEASES web source 8 genes out of
11 were found related to obesity, where 7 genes had evidence from text mining and 1 gene had
database evidence and no gene was found from experimental results as shown in Table 2.

Gene Name Disease Evidence Confidence
NPY Obesity Text mining i

NPYIR Obesity Text mining **

NPY2R Obesity Text mining **

NPY5R Obesity Text mining **

pPY Obesity Text mining A

GAL Obesity Text mining **

CCL28 Obesity Text mining **

POMC Obesity Database R

Table 2. List of disease-genes associations acquired from automatic text mining of the biomedical literature and
DISEASES web source, where the confidence of each association is signified by stars, where ***** is the highest
confidence and * is the lowest.



Network Analysis of Obesity Expression Data
http://dx.doi.org/10.5772/65292

All the above gathered data was cross checked for networks and its disease associations using
KEGG pathway [43, 44] which is a collection of manually drawn pathway maps representing
the knowledge on the molecular interaction and reaction networks and Online Mendelian
Inheritance in Man (OMIM) [45] which is a comprehensive, authoritative compendium of
human genes and genetic phenotypes. Two pathways were found in humans which showed
roles in obesity containing the respective genes obtained after disease-gene associations as
shown in Figures 12 and 13.
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Figure 12. Regulation of lipolysis in adipocytes. This pathway shows the presence of genes NPYR and NPY in the fed
state. This pathway also shows the presence of genes like FABP but in the fasting state and is the known marker for
obesity [46-60].

Thus, from the above work we could conclude that NPY, NPY1R, NPY2R, NPY5R and POMC
which in the past literature studies were used as knockout markers in mouse and rats for
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obesity but not used as a biomarker in humans could be considered as potential biomarkers
for obesity in humans. By finding optimal biomarkers, diagnostic criteria for cardiovascular
diseases can be refined in the obese beyond “traditional” risk factors to identify early patho-
logic processes. Identifying diagnosis and prognosis biomarkers from expression profiling
data is of great significance for achieving personalized medicine and designing a therapeutic
strategy in complex diseases. A similar methodology can be used to predict other biomarkers
for different diseases. For progression and maintenance of life saving diseases, the expression
data of biomarkers could be used in future applications.
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Figure 13. Adipocytokine signalling pathway. This pathway again marks the presence of NPY and POMC in obesity
along with already known markers of obesity like PPAR and TNF a [61-74].
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Abstract

The dramatic increase in obesity within one or two generations cannot possibly be due
to a change in genetics. It is the processing, distribution, and availability of foods that
have changed, not the brain. For most people, in the presence of pleasant tasting (high
calorie) foods, the brain’s reward circuitry overwhelms the satiety signals. For 2 million
years, overeating (on the occasional basis when that was possible) had adaptive value,
and it has only been since the rise of an omnipresent obesogenic environment that such
behavior has become maladaptive, resulting in widespread obesity. Long-term weight
loss is, at minimum, a two-part process: (1) initial weight loss and (2) relapse prevention.
All weight loss programs (diet, pharmacology, or surgical) work in the short run, but
none used alone have proven widely effective in the long term. After initial weight loss,
relapse is common because until recently interventions failed to consider our evolu-
tionary history and thus have underestimated the sensory/reward aspects of feeding
behavior. Strongly heritable behavioral characteristics that differentiate obesity-prone
individuals from others (e.g., food cue responsiveness, satiety responsiveness) have
now been identified and can potentially be targeted to help people learn how to better
interact with an obesogenic environment.

Keywords: obesity, brain satiety mechanisms, evolutionary pressures, heritable traits,
obesogenic environment

1. Introduction: The brain and regulation of food intake

Up until at least 1973, the brain was believed to act much like a thermostat in its regulation of
food intake and body weight. Hundreds of studies had shown that damage to the ventromedial

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) X N



58 Adiposity - Epidemiology and Treatment Modalities

hypothalamus (VMH) resulted in hyperphagia and obesity in a wide variety of species
including humans and that lesions of the adjacent lateral hypothalamus (LH) resulted in
aphagia and weight loss [1]. Female rats with large VMH lesions frequently doubled their
body weight within 30 days [2]. In 1954, Eliot Stellar used these two nuclei as the model
example for his dual-center hypothesis for motivated behavior [3]. The LH was the “excitatory
center,” activation of which caused the organism to eat. Food intake provided some (unknown
at that time) manner of glucostatic, lipostatic, and/or thermostatic feedback to the VMH, the
“inhibitory center,” which then inhibited the LH, resulting in cessation of feeding. The
underlying principal was homeostasis, i.e., food intake decreased when body weight exceeded
some stable state (set point) and increased when body weight fell below this set point (see [4]
for a history of set point theory). The weight changes observed after lesions were generally
attributed to a resetting of the set point [5].

So compelling was the evidence, and model, that the leading researchers of human obesity of
that era directly compared obese humans to obese rats with VMH lesions [6-8]. Similarities in
patterns of food intake, hyperreactivity to the sensory qualities of food (e.g., taste), and
unwillingness to work for food were particularly noted. Researchers concluded that obese
individuals had “a weak ventromedial hypothalamus” [6, p. 450] and that “the obesity of rats
and men has a common physiological locus in the ventromedial hypothalamus” [8, p. 143].

The simplicity of the dual-center model was abandoned in the 1970s when, first, it was found
that transection of the ventral noradrenergic bundle at the level of the midbrain resulted in
overeating and obesity [9] and, second, when a few years later it was discovered that lesions
of the hypothalamic paraventricular nucleus (PVN) also produced hyperphagia and obesity
[10, 11]. The next 30 years of research (with lab rats) focused on the role of the PVN and arcuate
nuclei [12] and circulating levels of leptin and insulin, hormones that are released in proportion
to body fat content [13]. Mice that have mutations in the gene for leptin (ob/ob) become
markedly obese [14]. Other brain structures were also found to play a role in the regulation of
food intake and body weight, including the posterodorsal amygdala [15, 16]. The model had
become more complex, but the underlying principal was still believed to be energy homeo-
stasis [13, 17] and the related concept of set point (or settling point). Human obesity was
explained, at least in part, as a malfunction of the system, e.g., resistance to leptin [18].

The studies with rats confined in small cages and fed a single standard lab chow diet have
contributed greatly to our understanding of brain mechanisms regulating individual meal
parameters [19], but how well do they explain regulation of body weight in free-living
humans? The answer is not very well. Similar to lab rats, humans do not overeat when offered
abland diet ad libitum [20], but many researchers have noted that homeostatic controls appear
to be absent in environments with an abundance of good-tasting foods [13, 18, 21-26]. In fact,
in a long series of studies, de Castro and colleagues determined that only 14% of the variance
in the daily food intake of free-living humans could be explained by brain homeostatic
mechanisms [27]. As stated by Cameron and Doucet [21], “...when given a barrage of
anorexigenic signals, humans still manage to overconsume even at gluttonous levels” (p. 183).

The prevalence of overweight and obese individuals in the United States has nearly tripled
since 1980 [23]. One third of adults are overweight (BMI > 25 kg/m?), and over one third more
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are clinically obese (BMI > 30 kg/m?) [28]. Researchers have projected that at least 42-44% of
Americans will be obese by 2030 [29, 30]. This is a substantial increase since 1960 when only
about one in five Americans was overweight [31]. Any explanation for the regulation of body
weight in humans must be able to account for this dramatic increase in obesity in just a few-
decade time. It is highly unlikely that the modern obesity pandemic is due to recent pathology
in genetics, metabolism, or the brain homeostatic (inhibitory) controls of feeding behavior [22].
Two thirds of the American population could not suddenly have become leptin resistant.

In actuality, the brain is reacting to present-day environmental stimuli exactly in the manner
in which it evolved during 2 million years of environmental selective pressures since the
appearance of the genus Homo [23]. Considerable evidence has accrued that in obesity-prone
individuals, it is the reward circuitry of the brain, not the hypothalamic homeostatic nuclei,
that developed during human evolution which control feeding behavior when there is an
abundance of good-tasting foods [21]. As expected, initial brain fMRI studies found activation
of hypothalamic nuclei in response to changes in glucose and insulin levels [32-34]. However,
more recent brain fMRI studies also reveal hyperactivation of the cortico-limbic-striatal
structures in the reward circuitry of obese children and adults in response to pleasant food
stimuli (see Refs. [35-37] for reviews). Genetically obesity-prone children display hyperacti-
vation of the reward circuitry before they become obese [38, 39]. Previously obese adults who
have dieted and lost their excess weight continue to show hyperactivity in the reward circuits
in response to food [40]. It must be noted that brain fMRI studies of obesity are still in their
initial stages, and attempts to identify the specific reward circuitry associated with obesity are
inconsistent [37].

One thing is certain: the brain’s reward circuitry is not homeostatic, i.e., there is no upper-level
body weight set point at which it shuts down [41]. In short, the brain developed as an organ
attracted to energy-dense rewards. For many people, the sensory/reward aspects of food
simply overwhelm the homeostatic satiety signals [18, 23].

2. The environment and obesity

Until about 8000 BC, all humans lived in small nomadic, hunter-gatherer tribes [42, 43]. King
[23] has reviewed the anthropological research showing that for the previous 2 million years,
there were certainly periods (short and/or prolonged) of food shortages. It would have been
advantageous to store energy as fat to survive periods of deprivation and have energy to hunt
and thus, when food was plentiful, to consume more calories than was required just to satisfy
short-term inter-meal deficits in energy [21, 25, 44]. In a restricted environment, this would
have resulted, at most, in a moderately overweight phenotype.

In short, the modern societal practice of “three meals plus snacks every day is abnormal from
an evolutionary perspective” [45, p. 16,647]. Interestingly, recent research has shown that
intermittent fasting not only reduces body weight [45-48] but improves clinical health
indicators [45, 47, 48] and may reduce processes leading to diseases such as diabetes, heart
disease, and certain cancers [45, 47].
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What has changed is not the brain, but the environment [23, 26]. The anthropological record
reveals that the switch from hunting-gathering to farming as the primary source of food (with
a greater reliance on carbohydrates than lean meat) began 10,000 years ago [49, 50]. The use of
salt (and probably herbs and spices) to flavor foods dates back to at least the Bronze Age [51],
but sugar was not widely available until the 1500s [52]. However, it was the industrialization
of the food supply (i.e., the processing and distribution of food) in the last half of the twentieth
century that has had the most dramatic impact on how today’s humans eat [26, 53, 54].

The availability of high-calorie foods (e.g., carbohydrates and fats) has markedly increased in
the United States since the 1970s [55]. One of the most obvious changes that began in the 1970s,
at about the same time as the prevalence of obesity began to rapidly increase, was the prolif-
eration of fast-food restaurants. McDonald’s opened in 1955, had 1000 restaurants in 1968, and
today has over 36,000 restaurants in over 100 countries. Burger King opened in 1954, had 275
restaurants in 1967, and today has 13,000 restaurants in 79 countries. Wendy’s opened in 1969
and today has over 6850 restaurants. Similarly, today, Kentucky Fried Chicken has over 19,400
restaurants, Pizza Hut over 11,000, Taco Bell over 6500, Arby’s over 3300, Chick-fil-A over 1950,
and Church’s Chicken nearly 1700 restaurants. Most of them have drive-up windows. Alto-
gether, sales at the US fast-food restaurants increased from $16.2 billion in 1975 to about $110
billion by 2004 [56] with a corresponding increase in American’s proportional consumption of
calories in the form sweetened drinks and such foods as cheeseburgers and pizza [57, 58]. Add
to fast-food restaurants an increase in cafeteria and full-menu restaurants, convenience stores,
and dispensing machines, and the end result is an obesogenic environment: a high density of
high-calorie food sources that require little energy expenditure for consumers to access.

Numerous studies have found a positive association between the geographical density of fast-
food restaurants and prevalence of obesity [59-64] or obesity and the frequency with which
individuals eat at restaurants [65-70; see also 71]. Compared to normal-weight persons,
overweight and obese individuals consume larger meals when eating away from home [72].
Many studies have also found that when groups of people move from areas of the world where
the prevalence of obesity is low to an obesogenic environment (e.g., the United States), they
gain weight and eventually display the same prevalence of obesity as is found among those
who were born in the obesogenic environment [73; see 24 for a review]. Freshman students
often gain excess weight during the first few weeks of attending college [74]. One third of
American adults may not (yet) be overweight, but many of them live in areas (e.g., very rural)
that are not obesogenic.

As with any genetic trait (e.g., height), there is diversity, and some people are more obesity
prone than others [18, 75-77]. Obese individuals are less responsive to homeostatic satiety
mechanisms [76-78] and are much more responsive to external feeding stimuli than are
normal-weight people [7, 24, 27, 77, 79]. The latter includes not only the taste and texture of
food but also social cues (e.g., number of others eating, the sight of and variety of foods, portion
size, time of day). Compared to others, obese individuals have a strong tendency to discount
delayed food rewards in favor of immediate rewards [80-83].

Studies with twins reveal that appetite (responsiveness to food cues) and satiety responsive-
ness are highly heritable behavioral characteristics [27, 76, 77, 79], as is cognitive restraint,
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which is generally less for obese individuals [27, 84, 85]. These heritable behavioral character-
istics emerge early in life [76], and while they do not cause obesity directly, they result in
individuals being more susceptible to overeating in an obesogenic environment [18, 77, 86].
Not everyone has these heritable traits, but based on the obesity statistics, a large majority of
humans do have them. At present, at least 32 genetic loci associated with BMI have been
identified [87].

In summary, obesity is the result of interaction between genetic risks and the environment.
The brain reward circuitry that evolved during 2 million years of our hunter-gatherer ancestry
has resulted in many humans being more responsive to environmental food stimuli than they
are to caloric/homeostatic stimuli [7, 21, 23, 24, 27, 75-77]. In the words of one group of
researchers, humans have “fat brains [and] greedy genes” [79].

3. Interventions to reduce obesity

As the prevalence of obesity has increased, the number and variety of weight loss programs
have increased almost exponentially. Using the key terms “obesity,” “humans,” and “weight
loss,” Medline indicates 67 publications in the time period 1965-1974 and 13,904 publications
from 2006 to 2015. Today, Americans spend over $60 billion a year on attempts to lose weight
[88]. The medical cost of treating adult obesity in the United States is between $147 and $210
billion per year [30].

All diets work—in the short run. They may differ in the types of food recommended to eat,
but when fewer calories are consumed than expended, the result is weight loss. Most over-
weight and obese individuals have successfully dieted for a few weeks and many for a few
months, but in the long run, the success rate of behavioral therapies alone has proven to be
very modest at best. Most dieting individuals do not maintain their weight loss [89, 90]. This
was first noted nearly 60 years ago:

“Most obese patients will not remain in treatment. Of those who do remain in treatment, most
will not lose significant poundage, and of those who do lose weight, most would regain it
promptly” [91, p. 87].

Results with pharmacologic treatment of obesity alone have proven equally disappointing [92—
94]—individuals achieve meaningful weight loss only when the medication is accompanied
by additional lifestyle interventions [95] and maintain the weight loss (usually modest) only
as long as they remain on the drugs [96]. Mean excess weight loss for extremely obese
individuals who have undergone bariatric surgery is only about 50% ([97]; see [98, 99] for
reviews), with many others losing substantially less weight (see [100] for a review), and still
others eventually regaining much of their excess weight [101]. (Note: the author is not
underestimating the health benefits of a 50% loss of excess weight.)

Long-term weight loss is, at minimum, a two-part process: (1) initial weight loss and (2) relapse
prevention. The relapse rate is high because it is normal for the evolved brain’s reward circuitry
to direct humans to overeat when good-tasting/high-calorie foods are available [23]. Regard-
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less of how weight loss is initially achieved (diet, pharmacology, and/or surgical intervention),
sending the client back into an omnipresent obesogenic environment with a few behavioral-
cognitive instructions (e.g., counting calories; monitoring carbohydrates, fats, and portion size;
eating slowly; more exercise) has not worked long term for most people [89-91, 101].

For many individuals who have recently lost weight, relapse prevention will mean, in part,
learning how to reduce food cue responsiveness [76]. Obese individuals are more easily
tempted by pleasant-tasting food when it is easily available than are lean individuals [8], an
aspect of the greater responsiveness to external stimuli. Today, the obesogenic environment is
omnipresent—in the workplace, in schools, throughout the community, and in the media.
Weight-loss interventions have failed because, historically, they have put the responsibility
almost exclusively on the individual. In 2012, the Institute of Medicine [102] concluded that
government, industry, the community, the media, and medicine must be part of a multifaceted
approach (e.g., an increase in social marketing, as was done with smoking) to help individuals
address how to limit and deal with an ever-increasing obesogenic environment [22, 26, 88, 103—
105].

4. Conclusions

In free-living humans living in an obesogenic environment, there is little evidence in support
of an upper limit set point around which body weight is regulated in a homeostatic fashion.
For most people, the brain’s reward circuitry plays the dominant role in feeding behavior.
Living in a restricted environment with periods of food deprivation, it was necessary for
survival for Homo erectus and Homo sapiens to consume as much pleasant-tasting food as
possible when it was available. Only recently have high-calorie foods become widely available,
but the brain still responds to pleasant-tasting foods in a manner that was adaptive for the
hunter-gatherers that existed in our ancestral past. After excess weight loss, relapse is high
because the brain’s normal response is to direct humans to overeat in the presence of an
abundance of foods. For obesity interventions to be successful, long-term strategies, both
individual and collective, need to better address relapse prevention, and an important
component of this must include how to limit and interact with an obesogenic environment.
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Abstract

Abdominal obesity (AO) is associated with endothelial dysfunction, inflammation, insu-
lin resistance, diabetes mellitus, hypercholesterolemia, metabolic syndrome, and cancer.
AOQ is a multifactorial disorder arising from genetic, environmental, socioeconomic, and
behavioral factors. Thus, in this chapter, we devote ourselves to the exercise of trying to
explain the epidemiology of AO in adults. We showed the increasing prevalence of AO
around the world, and a gender difference in this determination was observed. Among
women, the population group who is the most affected by AO, a higher prevalence of
AQ is observed in individuals living in low- or middle-income countries (LMIC), who
are older, multiparous, and in the menopausal transition, and who belong to the poorest
strata and have lower educational level. While among men, the risk of AO is positively
associated with socioeconomic status, particularly in LMIC. Regarding behavioral fac-
tors (eating frequency, sleep duration, physical activity, and smoking), gender differ-
ences are difficult to be detected due to the lack of studies investigating their association
with AO according to sex. However, the current evidence suggests that men benefit
more from consuming a greater number of meals a day and women are more affected by
the harmful effects of physical inactivity. We argued AO, despite biological conditions
associated with behavior factors, should be examined as an important issue of gender
inequality in health, possibly mediated by socioeconomic and behavioral differences
between men and women.

Keywords: abdominal obesity, waist circumference, epidemiology, gender, income

1. Introduction

Obesity is a worldwide epidemic. Beyond the fat mass per se, the pattern of fat distribution has
a profound influence on cardiometabolic risk. Visceral abdominal fat (VAF) is metabolically
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active and pro-inflammatory and presents a higher cardiometabolic risk association and calci-
fication of the coronary arteries than the body mass index (BMI) and has more impact on
health than subcutaneous fat, presenting a risk factor for increased incidence of metabolic
syndrome [1, 2].

Abdominal obesity (AO) is directly associated with increased VAF, and it is also associated
with endothelial dysfunction, inflammation, insulin resistance, diabetes mellitus, hypercholes-
terolemia, metabolic syndrome [MetS], and cancer [1, 3].

There are several methods available to measure AO. Waist circumference (WC) provides an
indicator of central adiposity that is the most practical and easiest method used in large-scale
epidemiological studies [4]. It is a good predictor of cardiometabolic morbidity and mortality,
and it has also a positive association with visceral abdominal fat. However, WC does not allow
us to differentiate between visceral fat and subcutaneous fat; methods such as absorptiometry
by dual energy X-ray (DEXA), impedance, or densitometry can be used to handle this differ-
entiation [5-7].

WC measurement requires correct and standardized procedures, which depend mainly on train-
ing and adequate equipment. A standardized technique requires that the person being measured
removes bulky or tight garments, as well as shoes with heels, empties their bladder then stands in
the upright position, with arms loosely positioned to the side. The tape is passed around the body
and positioned mid-way between the iliac crest and costal margin of the lower rib, ensuring that it

Recommended waist circumference threshold
for abdominal obesity

Organization
Population (References) Men Women
Europid IDF 294 cm >80 cm
Caucasian WHO >94 c¢m [increased >80 c¢m [increased risk]>88 cm

risk]>102 cm [still higher risk] [still higher risk]

United States AHA/NHLBI [ATP III] 2102 cm 288 cm
Canada Health Canada 2102 cm 288 cm
European European cardiovascular 2102 cm >88 cm

societies
Asian [including Japanese]  IDF 290 cm >80 cm
Asian WHO 290 cm >80 cm
Japanese Japanese obesity society 285 cm 290 cm
China Cooperative task force 285 cm >80 cm
Middle East, Mediterranean IDF >94 cm >80 cm
Sub-Saharan African IDF 294 cm >80 cm
Ethnic Central and South IDF 290 cm >80 cm

American

Table 1. Waist circumference cutoffs recommended for the diagnosis of abdominal obesity according to ethnicity and
gender [9].
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is horizontally oriented and untwisted. The subject is asked to look ahead and breathe out; the
measurement is taken at the end of expiration; then, the procedure is repeated [7, 8].

In addition, the definition of cutoffs should consider the characteristics of the study popula-
tion. In 2009, a method to standardize the diagnosis of metabolic syndrome was established,
upon discussions held by the International Diabetes Federation (IDF) and the American Heart
Association/National Heart, Lung, and Blood Institute. In this context, it was suggested that
ethnicity and gender should be considered for the diagnosis of AO [9] (Table 1).

AO is a multifactorial disorder arising from genetic, environmental, socioeconomic, and
behavioral factors. These factors differ in their respective contributions to the AO epidemic. In
this chapter, we devote ourselves to the exercise of trying to explain the epidemiology of AO.
First, we describe the worldwide prevalence of AO. Then, the possible biological and socioeco-
nomic factors that are associated with AO are demonstrated, according to the sex/gender
differences. Finally, we describe the role of important behavioral factors determining AO.

2. Prevalence of abdominal obesity

Populations worldwide have faced a growing “epidemics” of AO. Overweight and obesity
across low- and middle-income countries (LMIC) have reached levels found in higher-income
countries (HIC). Despite its high prevalence, there are differences among regions and coun-
tries, and these need to be taken into account for us to understand the etiology of AO.

To better elucidate this picture, Table 2 depicts the prevalence of AO according to gender in
selected high and LMIC. LMIC showed the highest prevalence of AO, compared with HIC; in
several studies, an increasing trend of AO in the past 10 years [10, 16, 17] has been observed.
For example, in the study called China Health and Nutrition Survey (1993-2009), with 52,621
Chinese adults, the prevalence of AO increased from 8.5 to 27.8% among men and from 27.8 to
45.9% among women [17]. Similarly, in the USA, data from the National Health and Nutrition
Examination Survey [NHANES] from 1999 to 2010 identified an increase over time, and the
difference between genders was 20% higher for females [10].

Regarding gender, both in LMIC and in HIC, it was observed that women had a higher
prevalence of AO than men. Also, recent studies show a higher prevalence of AO in women
than men, in all ages. There is a proportional increase in the accumulation of fat in the
abdominal region as people get older, but a stabilization or even a small decrease in the
prevalence of AO in men after 60 years of age could be perceived [12, 18, 20]. In Brazil, in a
study involving data from 3117 subjects, the prevalence of AO was found to be 26 and 73%,
respectively, in women aged 24-34 years and 55-65 years. In men, the prevalence of AO was
found to be 16.9% (24-34 years) and 27.2% (55-65 years) [20].

But why do women have a higher prevalence of AO than men? On one hand, sex hormones
strongly influence body fat distribution and adipocyte differentiation between females and
males, showing a physiological difference in the AO determination between sexes. However,
in part AO is due to a social construction, since socioeconomic, cultural, and behavioral
characteristics play an important role in its causal chain.

73
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Author Country (year) Prevalence (%) Men (%) Women (%)

High-income countries

Beltran-Sanchez et al. [10] USA (2009-2010)" 56.0 46.4 65.4
Gutiérrez-Fisac et al. [11] Spain (2008-2010)* 36.0 32.0 39.0
Riediger and Clara [12] Canada (2007-2009)* 35.0 29.1 40.0
Schienkiewitz et al. [13] Germany (1997-1999)" 33.9 29.7 38.0
Sardinha et al. [14] Portugal (2008-2009)> - 193 37.9
Low-/middle-income countries

Barquera et al. [15] Mexico (2010-2012)° 74.0 64.5 82.8
Misra and Shivastava [16] South Asians (2011-2012)* 68.9 17.6-62.2 23.7-74.8
Xietal. [17] China (2009)* 374 27.8 459
Linhares et al. [18] Brazil (2010)" 30.0 19.5 375
Chukwuonye et al. [19] Nigeria (2013)" 21.8 3.2 39.2

Cutoffs of WC for AO = >102 cm (males) and >88 cm (females); >>102 cm (males) and >88 cm (females); >>90 cm
(males) and >80 cm (females); “>90 cm (males) and >80 cm (females).

Table 2. Prevalence of AO according to gender in selected high- and low-middle-income countries.

To better understand this topic, it is important to elucidate the differences between sex (biol-
ogy) and gender (the social). According to Annandale and Hunt [21], this distinction was
essential to make it clear that gender inequalities in health were, in the most part, socially
produced, rather than biologically given. Olinto [22] also called attention to the operationa-
lization of the gender category in epidemiological studies. Sex only means the genetic, ana-
tomical, and physiological characterization of human beings. However, gender roles are
socially constructed and usually framed as an extension of biologically determined social
functions. The pioneering feminist Simone de Beauvoir said in her famous quote: “One is not
born, but rather becomes, a woman.” Though the positions of women and men are not simply
parallel, the principle is also true for men: One is not born masculine, but has to become a man
[23]. Thus, gender is related to differences in patterns of employment, education, family, and
household structure, leisure and consumption at the societal level, and in the everyday expe-
rience of individual men and women [21]. In this sense, we describe the possible biological and
social factors associated with AO according to gender differences.

3. Physiological differences between the sexes and the characteristics
of reproductive life in women

Among the physiological factors related to sex differences, there is a hormonal issue: Sex
hormones strongly influence body fat distribution and adipocyte differentiation. Estrogens
and testosterone differentially affect the physiology of adipocytes. Visceral fat is higher in
men than in premenopausal women. In men, visceral fat accrual generally increases with the
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amount of total body fat, whereas in women, visceral fat accumulation is less a function of
total adiposity. Women had less visceral fat despite having a higher total body fat, BMI, and
subcutaneous fat [24-27].

As women reach menopause, depot differences in adipocyte size are attenuated due to the
express increase in omental cell size. The propensity of postmenopausal women toward visceral
fat accumulation and presence of larger adipocytes suggests that the decline of estrogen may
stimulate adipocyte hypertrophy in this depot. In men, adipocytes of the visceral and abdominal
subcutaneous fat compartments have similar sizes across the range of adiposity values [24, 28].

In men, a meta-analysis found that those with low concentrations of total testosterone (TT), sex
hormone-binding globulin (SHBG), and free testosterone (FT) were more likely to develop
metabolic syndrome compared to those having high sex hormone concentrations. The revealed
associations were independent of age and lifestyle factors. Associations with TT were strongest
for prevalent AO [OR (odds ratio) per quartile decrease = 1.58] (95% CI 1.51-1.66). Low FT
concentrations were associated with incident AO [HR (hazard ratio) = 1.13] (95% CI 0.98-1.29),
although the latter was not statistically significant [29].

Studies show that the prevention of AO should be focused on lifestyle. However, there are
different hormonal factors between the sexes that must be considered, especially for women,
whose menopausal transition goes through hormonal changes that favor the redistribution of
body fat, being more susceptible to abdominal fat accumulation. Moreover, the life expectancy
of women generally exceeds that of men, with a significant increase in the number of women
experiencing the menopausal transition phase, which makes this an increasingly relevant issue
in terms of public health.

Menarche and menopause set the beginning and the end of women'’s reproductive life and are
important risk factors for chronic diseases, including obesity and cardiovascular disease. Early
menarche, before the age of 12, has been associated with a higher prevalence of AO [30-33].
Both early menarche and early menopause can be considered as increased risk factors for
cardiovascular disease.

The association between early menarche and obesity is still controversial in the literature. How-
ever, some longitudinal studies demonstrated that childhood obesity is the trigger to early puber-
tal development because of increased exposure to reproductive steroids [estradiol level] [30, 32,
34-36]. Furthermore, many genetic variants associated with the timing of menarche are in or near
genes associated with childhood and adulthood obesity, so this fact should be considered [32].

Reproductive life characteristics are directly associated with AO. For example, a cross-sectional
study with a sample of 617 women from southern Brazil observed that women with a history
of three or more pregnancies and menarche at the age of 11 or earlier had a 25% higher
prevalence of AO compared to nulliparous or primiparous women with menarche at 14 years
or older [31]. Studies show that the number of parturitions leads to a tendency of decreased hip
circumference and increased WC [37-39].

Pregnancy was associated with visceral adiposity gains and central obesity in the study with
122 premenopausal women monitored for 5 years. Throughout the monitoring period,
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nulliparous women had a 14% increase in the visceral adipose tissue, while those with at least
one parturition increased by 40%. Parturition was associated with increased WC. It is
suggested that after pregnancy, there is a preference for fat accumulation in the visceral
adipose tissue [40]. Similarly, in a sample of 170 American women aged 18-76 years, it has
been found that the intra-abdominal fat tissue increased as the number of parturitions
increased, regardless of age, body fat percentage, physical activity, and smoking [41].

Changes in the distribution of body fat and AO as a consequence of pregnancy require further
investigation. As a modifiable risk factor, weight gain during the pre- and postpartum periods
can provide a critical window for performing interventions to prevent substantial weight gain
and the development of obesity in women [42].

Epidemiological studies are consistent in the sense that characteristics of reproductive life may
have a strong influence on body fat buildup in women during the menopausal transition. The
transition from the reproductive phase to the nonreproductive phase is characterized by
endocrine changes due to the decline of ovarian activity, biological changes due to decreased
fertility, and consequent clinical changes due to menstrual cycle changes, as well as a variety of
symptoms [43].

The change in metabolism that accompanies menopausal transition occurs at the expense of a
reduction in lipoprotein lipase, responsible, along with estrogen, for regulating fat accumula-
tion and distribution in tissues [44]. Testosterone seems to be a factor influencing the accumu-
lation of visceral adipose tissue, and it seems to be related to the state of hyperandrogenism in
women. The accumulation of visceral fat was higher in women after menopause compared to
premenopausal women [45].

Several studies have shown a high prevalence of AO in postmenopausal women, ranging from
50 to 85% [31, 46—49]. A systematic review by Mendes et al. [49] found a high prevalence of AO
in the menopausal transition, mainly in studies performed in clinics. Among these, the highest
prevalence rates were reported in a study based on the Northeast region of Brazil, with 76.6%
of premenopausal women and 85.2% of postmenopausal women. The lowest prevalence was
found among Asian women, who had prevalence of 16.4% among premenopausal women and
of 29.1% among postmenopausal women, suggesting that ethnicity is an outlier factor as far as
the accumulation of fat in the abdominal region is concerned, once Western women have a
higher prevalence than Eastern women.

The relationship involving women’s experience in their reproductive period, their individual
characteristics, such as age of menarche and number of parturition, hormonal changes during
the menopausal transition, and the accumulation of fat in the abdominal region deserves more
attention from health professionals.

4. Socioeconomic status and gender

Gender, as a social construct, plays an important role in the association between socioeconomic
characteristics and AO. Socioeconomic status (SES) is a complex and multidimensional construct,
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in which individuals are classified by being compared to other individuals, based on material
and nonmaterial attributes [50]. SES influences the individual access to goods and services
regarding nutrition, physical activity, and other healthy practices and environmental conditions,
which influence the relationship between socioeconomic position and AO.

Studies have used different SES indicators; nonetheless, we focus primarily on individual
characteristics, such as income, education and occupation, and economic development of
countries, because they may have greater importance regarding interpretations of linkages
between SES and AO which emphasize behavior.

Classic studies showed the direction of association between SES and obesity varied by popu-
lation and economic status of countries. In developed countries, individuals with lower socio-
economic status were more likely to be obese than those in the higher socioeconomic group.
However, in some LMIC the prevalence of obesity has increased among low SES groups,
mainly among women. However, Is the association between SES and obesity similar to the
association between SES and AO?

Most of these global analyses did not evaluate AO as outcome. This paper aims to show
findings on the association between SES and WC in HIC and LMIC. In HIC, a recent study
analyzed 50 years of socioeconomic inequities in WC among US-born black and white Amer-
icans, using data from the National Health Examination Surveys (NHES) I-III (1959-1970),
National Health and Nutrition Examination Surveys (NHANES) I-III [1971-1994], and
NHANES 1999-2008. WC increased in socioeconomic strata among both black and white
Americans. Regarding income, white people in the 20th [low] income percentile have greater
mean WC compared with people in the 80th [high] income percentile [51]. In the same
direction, a cross-sectional study carried out with 12,883 individuals representing the Spanish
population found that the frequency of obesity and AO decreased as the educational level
increased [11]. In addition, a prospective study in the United Kingdom with 8312 subjects and
three follow-ups over ten years showed that a lower adult occupational position predicted
adverse changes in WC [52]. Finally, 56,556 participants from seven population-based German
cohort studies (CARLA, SHIP, KORA, DEGS, EPIC-Heidelberg, EPIC-Potsdam, PopGen)
were analyzed by meta-analysis. Men and women in the low education group had a 0.1%
point greater annual increase in WC than participants in the high education group. Women
with low income had a 0.1% point higher annual increase in WC than women with high
income [53].

On the other hand, in LMIC, associations of risk factors with AO differ between men and
women. The Thai National Health Examination Survey investigated this association in 64,480
adults. Compared with primary education, the odds of obesity [range I] were higher in men
with university education. For women, the association was inverse, the odds of obesity ranges
I and II were higher in those with primary education [54]. In Northeast China, a representative
sample of 25,196 adults was evaluated. Analysis stratified by gender showed that men with a
higher educational level, white-collar job, or cadre job were part of the high risk group, and
women with a higher level of education or higher family income were in the low risk group
[55]. Finally, in Brazil, a cross-sectional study with 1,720 Brazilian adults found results that
point to the same direction. The WC was 4.67 cm higher in women who live in low education
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neighborhoods compared to the residents of high education areas. In the same group, the
chance of AO was 2.05 times higher [56].

Thus, the findings suggest that the association between SES and AO is similar to the associa-
tion with overall obesity. Separate studies of individual nations showed that high status people
tend to have a smaller WC than others, in HIC, and this association is the same for women, in
LMIC. On the other hand, among men from LMIC, the association between SES and AO is
positive. First, this reversal in the relationship of SES and AO across levels of economic
development highlights the importance of the national socioeconomic context of AO. Second,
the high prevalence of AO among low SES women, in LMIC, shows an important health
inequality. In some LMIC countries, low SES groups may now have sufficient access to cheap,
calorie-dense, and processed food, as a consequence of the globalization of the fast food
industry and agriculture.

5. Behavioral characteristics

We explored the role of eating frequency, sleep duration, physical activity, and smoking on
AQO. We also draw a parallel between gender differences and these associations.

5.1. Eating frequency

Since the 1960s, studies have suggested an inverse association between the consumption of a
greater number of meals per day and body weight maintenance [57]. Since then, the media,
health professionals, and guidelines for health and weight management have followed this
recommendation [58]. However, studies that have attempted to determine the effects of eating
frequency on weight and body composition have reached different conclusions, and some
scientists have called attention to the lack of solid evidence to justify such recommendation.

Thus, several review studies have been recently conducted in order to determine whether
there is association between eating frequency and body weight and body composition [59-
62]. However, a few studies that investigated AO or WC or waist-to-hip ratio as outcome were
retrieved in these reviews [63].

A negative association between eating frequency was found in several observational studies
[64-68]. Most of them found that having three or fewer meals/day is associated with excessive
abdominal fat, when compared with having more than three meals/day; however, this associ-
ation can only be seen among men [64-67]. In general, increased eating frequency has been
postulated to increase metabolism [69], appetite control, and food intake and to improve
glucose and insulin control [70-72]. However, this association only among men could be due
to the fact that men who have a high eating frequency also have a healthier lifestyle, including
the practice of physical activity and healthier eating habits, which results in reduced body fat
and WC [73].

On the other hand, a recent cross-sectional study used data from the NHANES 2003-2012 and
found that eating frequency was positively associated with central obesity in men and women.
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Compared with the lowest eating frequency (<3 times/d), the odds for AO in the highest
category (25 times/d) were OR 1.42 (95% CI 1.15;1.75) in men and OR 1.29 (95% CI 1.05;1.59)
in women [74]. This finding seems plausible, given the observed positive association between
eating frequency and energy intake [67, 75, 76]. In addition, the authors called attention to the
apparent inverse relation between eating frequency and adiposity measures, such as an artifact
that in part can be attributed to the underreporting of eating frequency concomitant with the
underreporting of energy intake by obese or overweight subjects [74].

Regarding experimental evidence, a meta-analysis study published in 2015 evaluated experi-
mental research on meal frequency with respect to changes in fat mass and lean mass, and its
results suggest a small potential benefit of increased feeding frequencies for fat mass and body
fat percentage. In studies retrieved in this meta-analysis, only the Arciero’s study measured the
outcome as abdominal fat. This randomized trial investigated the effects of consuming tradi-
tional (15% of total energy) versus higher [35% of total energy] protein intakes as three or six
meals/day on abdominal fat. Six meals per day in a high-protein condition were superior to
three meals per day with a high-protein or traditional protein intake [15%] for decreasing
abdominal fat in the absence of significant differences in total energy intake or expenditure.
However, the study design did not rule out the possibility of an interaction between the two
[eating frequency and protein intake] playing a role in mediating these responses [63].

Although observational studies suggest that men may benefit from a potential protective effect
of a high eating frequency, women may not experience this protective effect. However, there is
no sufficient evidence to establish a clear and strong association between eating frequency and
AQ, and it is necessary to conduct more observational and experimental studies.

5.2. Sleep duration

Over the past several decades, the prevalence of chronic sleep deprivation has grown to
epidemic proportions. According to the National Sleep Foundation, by 1998 only 38% of
American adults were obtaining 8 h of sleep and that number had fallen to 28% by 2009 [77].
Evidence has grown over the past decades supporting the role of sleep duration as a notable
risk factor for overall obesity [78, 79]. More recently, studies have suggested that measures of
central adiposity, such as WC, are also associated [80].

Heorell-Haglow’s [80] cross-sectional study investigated the association between sleep dura-
tion and WC in 6,461 Swiss women. The study showed a U-shaped association: Both short
sleeping (<5 h) and long sleeping (=10 h) women had greater means of WC compared to
normal sleepers (7-8 h) in younger women (<50 years old). Other cross-sectional study involv-
ing men and women found a similar U-shaped association, considering short sleepers (<7 h)
and long sleepers (>8 h) [81]. However, several studies found that only short sleep, and not
long sleep duration, is a risk factor for central obesity [82-84].

A few longitudinal studies have investigated the association between sleep duration and AO.
A prospective study with a 10-year follow-up in women confirmed the U-shaped association
found in some cross-sectional studies. Among younger women (aged <40 years), both habitual
short (<6 h) and long sleep durations (=9 h) were risk factors for central obesity. In addition,
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decreased sleep duration from normal to short duration during the follow-up was a risk factor
for increased WC [85]. Another prospective cohort investigated the association of short sleep
duration (<5 h) among women in the first year postpartum with adiposity status at 3 years
postpartum. The authors demonstrated that postpartum sleep of <5 h/day was associated with
a higher WC at 3 years postpartum, compared to sleeping >5 h [86].

In order to assess the magnitude and consistency of the relation of insufficient sleep and WC, a
meta-analysis of cross-sectional studies was conducted in 2014. The analyses included 21
studies (total of 56,259 participants); the results confirmed a significant negative relation
between sleep duration and WC, and longer sleep duration was not investigated [86]. How-
ever, What is short sleep and long sleep? Grandner et al. summarized the laboratory findings
and epidemiological studies that investigated the consequences of acute reductions in sleep
time, and they proposed to describe short sleep duration as <6 h/day [87]. However, there is
no robust definition of long sleep duration, although several studies have defined long
sleepers as those who have a habitual sleep duration of more than 8 h.

Finally, clinical trials that measured AO as an outcome are sparse, probably because it is
difficult to maintain individuals on sleep deprivation for a long period of time. In a random-
ized study of adults, sleep curtailment was shown to undermine dietary efforts to reduce
adiposity, after 14 days of moderate caloric restriction with 8.5- or 5.5-h nighttime sleep
opportunity. It reduced the fraction of weight loss by 55% and increased the loss of fat-free
body mass by 60% [88]. The hormonal regulation that occurs during sleep and its multiple
peripheral effects depend on sleep duration and quality, indicating that sleep deprivation has
deleterious health effects. In a randomized study, acute sleep deprivation in adults has been
associated with changes in thermoregulation and, consequently, reductions in total energy
expenditure in humans. Sleep-deprived individuals may also increase their total caloric intake
due to the impact of sleep deprivation on peripheral regulators of satiety. Studies have associ-
ated sleep deprivation with lower leptin and higher ghrelin levels, with consequent increases
in appetite and weight gain [89-92].

Furthermore, reduced sleep duration is known to have consequences on individuals” social
routines and lifestyles, particularly regarding dietary habits and level of physical activity. In
this sense, short sleep duration is associated with irregular eating habits, such as a dominance
of snacks over meals, increased intake of fat and sweets, increased energy intake and, on the
other hand, reduced intake of fruits and vegetables, and lower physical activity level [93-95].
These findings can be explained in part by a disinhibited eating behavior [tendency toward
overeating and eating opportunistically], which is associated with less healthy food choices,
thus contributing to weight gain. Because short sleep duration inevitably results in more time
and opportunities for eating, short-duration sleepers who also have a high disinhibition eating
behavior trait will eat more and gain more weight than short-duration sleepers who have a
low disinhibition eating behavior trait [96].

After more than three decades of studies about the metabolic consequences of changes in the
patterns of sleep duration, we can conclude that there is sufficient evidence to support that
short sleep duration plays an important role in the AO etiology in adults. However, the
association between long sleep and AO lacks more solid evidence, and explanations about its
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causal chain are weak. Nonetheless, disrupted eating patterns, such as having a dominance of
snacks over meals, a higher intake of fat and sweets, and a lower intake of fruits and vegeta-
bles, are associated with both short and long sleep duration [95].

5.3. Physical activity

Strong evidence shows that physical inactivity increases the risk of many adverse health
conditions, including coronary heart disease and type 2 diabetes mellitus, and it also shortens
life expectancy [97]. The therapeutic role of physical activity in cardiovascular and metabolic
disease involves multiple mechanisms, and one of these pathways appears to be via its effect
on abdominal fat [98]. Physical activity has a role in the prevention, treatment, and control of
AO. However, this chapter has focused on the epidemiology of AO, and thus we have decided
to describe the predictor role of physical activity on the occurrence of AO.

Several prospective studies have evaluated the association between physical activity and AO.
In the European Prospective Investigation into Cancer and Nutrition [EPIC] prospective cohort
study, 84,511 men and 203,987 women were followed for 5.1 years. Physical activity predicted
alower WC in men and in women, regardless of baseline body weight, baseline WC, and other
confounding factors [99]. A nationally representative population-based cohort study, The
Australian Diabetes, Obesity and Lifestyle Study [AusDiab] found similar results. It followed
2,191 men and 2,650 women for 5 years. Men and women with AO showed the odds of
reducing physical levels from baseline to follow-up for 1.40 (95% CI 1.10;1.79) and 1.44 (95%
CI 1.16;1.80), respectively, compared to those with a normal WC [100].

In the same direction, long-term longitudinal studies (follow-up > 20 years) have shown that
youth physical activity had an effect on AO through the maintenance of physical activity in
adulthood [101, 102]. A longitudinal study data by Finns on the cardiovascular risk in young
people followed 1319 men and women for 21 years. Structural equation analysis indicated that
the prevalence of AO in adulthood was directly affected by adult physical activity and indi-
rectly via youth physical activity. Obesity was significantly reduced from youth to adulthood.
The model accounted for 19% of AO in men and 13% in women [103]. Another long-term
longitudinal study has showed sex differences in the association between physical activity and
AO. The Coronary Artery Risk Development in Young Adults study (CARDIA), a 20-year
follow-up prospective longitudinal study with 3,554 men and women, showed that
maintaining high levels of activity was associated with smaller gains in WC compared with
low activity levels. Men maintaining high activity gained 3.1 fewer centimeters in WC, and
women maintaining higher activity gained 3.8 fewer centimeters [104].

Studies only among women showed similar results. In a prospective cohort with 233 middle-
aged women, after a 20-month follow-up, changes in physical activity remained as an inde-
pendent predictor of abdominal fat change after adjusting for changes in total body fat and
total energy intake. Compared with women who maintained or decreased physical activity,
women who increased physical activity had approximately half the risk [RR (relative
risk) = 0.52 95% CI: 0.27;0.98] of gaining abdominal fat [105]. In Southern Brazil, a case-control
study investigated the association between the practice of physical activities in adolescence
and AO in adulthood among women who were shift workers. Women who participated in five
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or more physical activities in adolescence were 50% less likely to have AO than women who
participated in one activity or no physical activities (OR = 0.50 95% CI: 0.27;0.93) [106].

Finally, evidence from clinical trials can help us understand how physical activity reduces
body fat, preferentially from the abdominal area. In the past decade, several systematic
reviews have summarized results from randomized controlled and nonrandomized con-
trolled trials [107-109]. They support moderate physical activity as an effective intervention
for reducing abdominal fat in overweight or obese subjects. Also increasing physical activity
expressed as energy expended per week was positively related to reductions in total adipos-
ity in a dose-response manner. The gender influence presents controversial results due to
low numbers for comparison among those reviews. However, the most recent review
showed a stronger relationship between physical activity and visceral fat in women than in
men. However, it is difficult to compare differences in the amount of visceral fat reduction
by aerobic exercise between men and women, as women generally store a greater total fat
mass relative to body weight than men. Also, energy cost of exercise interventions and
energy expenditure associated with sedentary behavior may differ considerably between
genders [109].

Furthermore, the interplay between physical activity and AO may differ by gender. Although
the practice of physical activity may be more beneficial for women than men, it has been
shown that inactive women with a large WC had a greater risk of cardiovascular heart diseases
(CHD) than inactive men with a large WC [98, 110]. In this sense, Kin and Han [98] examined
the interaction between physical activity and AO in relation to the Framingham Risk Score in
2,112 adults, using data from the 2007 Korean National Health and Nutrition Examination
Survey (NHANES IV). The findings suggested that the risk of CHD associated with physical
inactivity and AO was much stronger in women than in men. Inactive men with a large WC
had an OR for CHD risk of 2.91 (95% CI 1.63;5.22), compared with physically active men with
a normal WC, while inactive women with a large WC had an OR of 6.37 (95% CI 3.44;11.80),
compared with active women with a normal WC [98]. Thus, at the same time that women
could have greater benefits from the practice of physical activity compared with men, they also
have more deleterious effects from physical inactivity.

5.4. Smoking

Smoking is one of the major causes of preventable death in developed countries and presents
a complex interaction with abdominal and general obesity. People with both conditions are
at high risk of cardiovascular disease and have a substantially reduced life expectancy.
Unfortunately, for many smokers, the fear of weight gain is a considerable barrier to cessa-
tion. Thus, understanding the role of smoking in the occurrence of AO is a very important
issue.

Smokers have a lower body weight and BMI than nonsmokers. Nevertheless, the association
between smoking and WC is inverse. Large cross-sectional studies have supported the hypoth-
esis that current smokers tend to have a larger WC than nonsmokers, suggesting that smoking
may increase central fat accumulation [111-113]; prospective studies showed that the number
of cigarettes plays an important role in this association [111, 114, 115]. A cross-sectional study
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with a nationally representative sample of 9047 Scotland adults found that in women who
were current smokers, the mean WC was higher compared with nonsmokers [111]. In the same
way, a prospective study of five consecutive birth cohorts of Finnish twins (1 = 4,296) analyzed
the effect of adolescent smoking on AO in early adulthood. Smoking at least 10 cigarettes a day
when aged 16-18 years increased the risk of adult AO in 34%, regardless of current smoking
status [114]. A cohort of 79,236 white, non-Hispanic healthy adults estimated the effects of
behaviors on a 10-year change in odds ratios for WC gain. Women who continued smoking up
to a pack a day experienced a small protection against WC gain, but this effect could not be
confirmed for women smoking more than a pack a day.

In addition, studies of smokers have shown a dose-response association between total
smoking amount during a lifetime and AO. A cross-sectional study with 6,123 Caucasians
from Switzerland found that compared with light-smoking men, the odds ratio for AO was
1.28 (95% CI 0.78-2;10) for moderate smokers and 1.94 (95% CI 1.15;3.27) for heavy smokers
and 1.07 (95% CI 0.72-1.58) and 2.15 (95% CI 1.26;3.64) in women who were moderate and
heavy smokers, respectively [115]. A prospective study in South Korea, with 283 subjects,
found results that point to the same direction. WC and VAF area showed a J- or U-shaped
association with total smoking during lifetime. And, after restricting the analyses to past/
current smokers, they found positive dose-response associations between smoking pack-years
and AO [116].

Recently, epigenetic studies have shown that genetic factors may have an important role in this
association. A genetic variant in chromosome 15 CHRNA5-CHRNA3-CHRNB4 gene region
(rs16969968) was associated with smoking quantity. It was also associated with a lower BMI
and a greater WC. In this sense, a Mendelian randomization of the meta-analyses of 29 studies
comprising almost 150,000 participants using this genetic variant as a proxy for smoking
heaviness was conducted. The results suggested that for every copy of the minor allele associ-
ated with cigarette consumption (i.e., increasing cigarette per day consumption by approxi-
mately one cigarette), WC will be increased by 0.14%, if BMI were to remain constant. These
findings strengthen the hypothesis that a preferential redistribution toward central adiposity is
associated with higher cigarette consumption.

The physiological mechanism linking smoking and AO was not fully elucidated, but cortisol
and sex hormones could play a possible role in greater WC among smokers. Smokers have
higher fasting plasma cortisol concentrations than nonsmokers, and VAF is influenced by the
cortisol concentration. In addition, an imbalance between male and female sex hormones
[estrogens/androgen in women] and a decrease in testosterone, in men, are observed in
smokers [117]. At the same time, unhealthy behavior was also observed in subjects who
smoked. Some researchers have pointed to the existence of dangerous behaviors that included
smoking, lower physical activity, and unhealthy eating habits in adults, and these behaviors
were usual among low SES subjects [106, 118].

Unfortunately, smoking cessation also has deleterious effects on the body composition. Several
studies have reported an increase in weight after smoking cessation [119, 120]. A prospective
study Inter99 (1-year follow-up) investigated changes in WC after smoking cessation. Smoking
cessation resulted in substantial increase in weight and central fat. Women quitters gained
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more weight and had a higher increase in WC than men [121]. Kahn's cohort study showed
that quitting smoking was associated with approximately doubling the likelihood of WC gain
compared with those who were current smokers or those who never smoked [122]. However,
the increase in WC may be explained by the increase in weight; consequently, future studies
are needed to elucidate this issue.

The role of smoking in increased overall obesity is well documented in the literature, while its
relationship with AO has received less attention. However, current evidence suggests a causal
relationship between smoking and fat distribution. Smoking increases the risk of AO and,
among smokers, the number of cigarettes smoked per day was also positively associated with
AO. We still need further evidence in order to understand the real impact of smoking cessation
in the body composition. Thus, smoking should be avoided in order to prevent AO; current
smokers should be informed that they are more prone to central fat accumulation and to the
inherent additional health risks; the increase in unhealthy central fat after smoking cessation
needs attention, mainly among women, who pay more attention to body shape and could
avoid smoking cessation.

6. Conclusion

In this report, we have showed how demographic, socioeconomic, and behavioral characteris-
tics influence the occurrence of AO in adults. Figure 1 depicts the mainly associated factors of
AQO in men and in women. Among women, the population group who is the most affected by
AOQO, a higher prevalence is observed in individuals living in LMIC, who are older, multipa-
rous, and in the menopausal transition, belong to the poorest strata, and have lower educa-
tional level, while, among men, the risk of AO is positively associated with social position,
particularly in LMIC. The characteristics of women’s reproductive life are highlighted in the
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Figure 1. Causal pathway of abdominal obesity according to gender.
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figure, such as menarche, menopause, and parturition, because these risk factors only affect
women. Regarding behavioral factors [eating frequency, sleep duration, physical activity, and
smoking], gender differences are difficult to be detected due to the lack of studies investigating
their association with AO according to sex. However, the current evidence suggests that men
benefit more from consuming a greater number of meals a day and women are more affected
by the harmful effects of physical inactivity.

Finally, this chapter showed the increasing prevalence of AO around the world, mainly in
LMIC, and explored the associated factors. We also argued AO, despite biological conditions
associated with behavior factors, should be examined as an important issue of gender inequal-
ity in health, possibly mediated by socioeconomic and behavioral differences between men
and women.
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Abstract

Currently, the prevalence of obesity among children and adolescents and related compli-
cations is considered one of the most important nutritional problems globally. The preva-
lence of childhood obesity in Europe is 10 times higher now than it was in the 1970s.
Initial assessments of these patients should include taking a careful history (investigating
comorbidities, family history and potentially modifiable behaviors) and physical exami-
nation. The degree of investigation is dependent on the patient's age and severity of obe-
sity, the findings on history and physical examination and associated familial risk factors.
Childhood obesity treatment is based on sustained lifestyle changes with family involve-
ment. Management intervention strategies include nutrition, physical activity, behavior
and lifestyle changes, medication and surgical considerations.

Keywords: obesity, childhood, adolescents

1. Introduction

Obesity is a chronic disorder of the state of nutrition characterized by an increase in body
weight due to excessive adipose tissue, which occurs when the calorie intake exceeds the caloric
needs of a body with low energy expenditure. Obesity is currently a significant public health
problem, as we have witnessed a dramatic increase in the number of obese and overweight
children worldwide in the last years. Children’s risk of obesity varies by age and sex groups,
ethnic/racial groups, socioeconomic status, geographic and rural/urban regions. The obesity eti-
ology is complex, involving genetic, environmental, psycho-socio-cultural, neuroendocrine and
metabolic factors. Complications of pediatric obesity occur during childhood and adolescence
and increase the risk for morbidity and mortality in adulthood.
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2. Nosologic framework of obesity in children and adolescent

2.1. Definition

Obesity is an important pediatric public health problem associated with risk of complications
in childhood and increased morbidity and mortality throughout life. Overweight and obe-
sity predispose people to noncommunicable diseases such as heart disease, diabetes mellitus,
musculoskeletal and psychological disorders and certain types of cancer [1].

Without intervention, obese infants and young children will likely continue to be obese dur-
ing childhood, adolescence and adulthood [1-3].

The methodological problem of inconsistency between criteria of childhood obesity classifi-
cation is a major obstacle in studying global trends for younger age group. The body mass
index [BMI: weight (kg)/height (m)?] is the parameter used for the screening of overweight
and obesity in childhood because it is easy to determine, it tends to correlate well with body
fat, and it has been widely used in adults to define obesity. It decreases until the period called
“adiposity rebound” when body fat is at the lowest level (between 3 and 7 years) and after
then BMI increases again until the adulthood [4, 5].

The child’s BMI must be plotted on nationally recommended BMI—for age charts. The clas-
sification of overweight and obesity varies among guidelines, such as those from Centre
for Disease Control (CDC), International Obesity Task Force (IOTF) and World Health
Organization (WHO).

For example, in UK (IOTF BMI values) the cut off points for and are the BMI >91st and >98th
percentile, respectively.

The definition of overweight and obesity using BMI percentiles in the USA: children aged
2 years and older with a BMI between the 85th and 95th percentile is overweight, and
those with a BMI greater than the 95th percentile for a specific age and sex subgroup are
obese [4-6].

According to WHO, for children aged between 5 and 19 years, overweight is >2 standard
deviations and obesity is defined as a BMI-for-age >1 standard deviation, above the WHO
growth reference median [1].

The IOTF BMI values represent standard international references that allow the screening of
adiposity in children and adolescents worldwide under the same criterion, without variations
depending on geographic, social and secular trends [5].

2.2. Epidemiological data

Currently, the prevalence of obesity among children and adolescents and related compli-
cations is considered one of the most important nutritional problem globally. The obesity
epidemic among children is the result of excess energy intake and inadequate energy expen-
diture [2]. The prevalence of childhood overweight and obesity has increased worldwide in
recent decades, and the numbers of those affected continue to rise at an alarming rate [6].
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In recent years, the epidemiology of overweight and obesity is well described in many
European countries and the data showed the increasing trends in the prevalence of child-
hood obesity. The current prevalence of childhood obesity is ten times higher than it was in
the 1970s [5].

The incidence of overweight and obesity increased progressively from infancy through ado-
lescence [5, 6]. High prevalence of obesity in 0- to 6-year-old children is warning signs and risk
for increased rates of obesity in adolescence and adulthood reported.

North America and some countries in Europe have shown consistent year-on-year increases
in prevalence of overweight (20-30%) and obesity (5-15%), although recent surveys indi-
cate that the rising trends are easing, with a plateau in prevalence levels shown since
around 2005 [6].

Children’s risk of obesity varies by age and sex groups, ethnic/racial groups, socioeconomic
status, geographic and rural/urban regions. The key reason for the variations is due to the
considerable socioeconomic and lifestyle differences and the differences in differing criteria
for obesity and overweight definition [4, 7].

Several countries of Southern Europe appear to be showing high prevalence of childhood
obesity (20-35%) in the Italy, Greece, Malta, Portugal and Spain. The highest levels of over-
weight and obesity were in Southern Italy (30.1 and 33.1% in preschool boys and, respectively,
girls) and in various regions of Spain (29.4% in both sexes, increasing to 32.6% among chil-
dren aged 7- to 10-year old), followed by Greece (19.1 and 23.6% in boys and, respectively,
girls) [7-9]. Children and adolescents residing in countries surrounding the Mediterranean
Sea show the highest rates ranging from 20 to 40%, too [7]. Studies concerning obesity with
regard to its prevalence in Portugal reported a rate of overweight in children under the age of
6 years, 13.6% in boys and 20.4% in girls, and, obesity varied between 6.5% in boys and 6.9%,
respectively, in girls [10]. The very high prevalence of childhood obesity in Mediterranean
countries could be secondary to lifestyle changes (switching from a healthy Mediterranean
diet to a fast food type of diet and lower physical activity levels) [7].

In children and adolescents residing the Scandinavian countries and Central Western European
countries, the prevalence of overweight and obesity is far lower (10-20%). Scandinavian coun-
tries have the lowest prevalence of obesity in all age groups, except Finland which reported
the prevalence of overweight and obesity in school children of 23.6 and 19.1% for boys and,
respectively, girls [7, 11]. It is important to note that among preschool children, the highest
prevalence rates of overweight and obesity were in Ireland (26 and 29% in boys and, respec-
tively, girls), United Kingdom (24.1 and 21.4% in boys and, respectively, girls). In school
children, the prevalence of overweight and obesity has increased to 32.7% and, respectively,
29.2% in 2007 the United Kingdom [7]. In developed countries, an increasing number of stud-
ies suggest that children of lower-income families are vulnerable to becoming obese, possibly
due to poor dietary habits and limited opportunities for physical activity [7, 12]. In the UK,
the prevalence of overweight and obesity in 11- to 12-year-old children was 25%, with higher
rates in girls (29%) and students from lower socioeconomic backgrounds (31%), and the high-
est rates was observed in black girls (38%) [13].
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Data from Eastern European countries indicate the prevalence rate is smaller (15%), but ris-
ing. In Lithuania, the Russian Federation, Slovakia and Poland, the overweight and obesity
prevalence ranges from 8.46 to 15.8% in children aged 6-12 years. It is likely that the huge
economic burden and the associated poverty following the political transition in the 1990s
may have contributed to the relatively low obesity prevalence in Eastern Europe [7].

3. The etiology of obesity and the risk factors

Obesity is a multifactorial disease with a complex etiology being involved genetic, environ-
mental, psycho-socio-cultural, neuroendocrine and metabolic factors, intestinal microbiota.
The factors involved in its etiology included the ‘obesogenic” environment, and the unhealthy
dietary behaviors and patterns of physical activity [14].

There is growing interest in the role of experience in early life in the risk of becoming over-
weight or obese. In children, prenatal life may be a critical period when the long-term regula-
tion of energy balance is permanently ‘programmed’. The perinatal parameters and factors
implicated in the etiology of obesity include maternal obesity, excessive weight gain in preg-
nancy, gestational diabetes, and maternal smoking, duration of breastfeeding, rapid infancy
weight gain and other cultural or familial factors associated with childhood eating patterns
and activity levels [14, 15].

Maternal obesity is a strong predictor of overweight and obesity in children. Obesity in preg-
nant women was found to be associated to high newborn weight and also causing obesity and
metabolic syndrome risk in later life of the individual. Intrauterine growth restriction is asso-
ciated with the development of central adiposity and adult-onset cardiovascular risk [4, 14].

Child's exposure to passive smoking, since the product conception stage, predisposes to the
development of obesity and obesity related diseases as a result [14, 16, 17].

Breastfeeding could help infants to better recognize satiety signals and hence to better self-
regulate energy intake. The prevalence and duration of breastfeeding is higher in countries
with relatively lower prevalence of childhood obesity such as Sweden, Finland and Austria, in
comparison to countries such as Italy, Greece and the UK, where is less [7, 14, 15].

Ethnicity is associated with differences in eating behaviors, preferences, and cultural influ-
ences may contribute to obesity among children and youth in minority populations.

The environmental factors are represented by: over-nutrition (high fat, high sugar diets), sed-
entary lifestyle, short sleep duration, abuse of drugs (antibiotics, corticosteroids, anti-epilep-
tics drugs), smoking and alcohol. Almost all obesity in children is strongly influenced by
environmental factors, caused by a sedentary lifestyle or a caloric intake that is greater than
needs. However, this explains only a part of obesity risk, but is important targets for treat-
ment such they can be modifiable.

Sugar-sweetened beverages—the literature evidence suggests that consumption of sugar-
sweetened beverages is an important factor in the development of obesity in some individuals.
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In the United States, sugar-sweetened beverages supplied an average of 270 kcal/day, repre-
senting 10-15% of total caloric intake. In a separate randomized trial on children aged 5-12
(primarily normal weight), consuming one serving of a sugar-free beverage daily was asso-
ciated with less weight gain and fat accumulation than consuming one serving of a sugar-
sweetened beverage. Other studies have found that dietary salt intake is associated with
increased intake of sugar-sweetened beverages, perhaps because of increased thirst [18, 19].

Television viewing is an environmental influence on the development of obesity in children.
Contact of a child with television begins in the newborn stage and tends to increase continu-
ously. In the first year of life, children react to the screen characters with mimics and voice.
Toddlers spend approximately 1 h a day watching television, and from the 4th year of life
the exposure to other type of media expands and rises significantly to reach 7 out of 24 h
per day. The presence of a television in a child's bedroom and any time spent in watching
television are directly related to the prevalence of obesity in children and adolescents. A sig-
nificant association between advert exposure and childhood obesity has been demonstrated
in a cross-cultural study which included data from the USA, Australia and eight European
countries [18, 20-22].

Video games—the use of PC or console games has been associated with obesity in children.
Half of American children have either a DVD, video or game console in their bedroom and,
third, a computer with access to Internet [22, 23].

Sleep —there is a reported association between shortened sleep duration and obesity. A causal
association arises from a short-term experimental study in which sleep deprivation for 1 week
was associated with increased food intake, weight gain and higher leptin levels as compared
to the child's usual sleep. Moreover, sleep may have an association with insulin resistance,
independent of its association with obesity. The mechanism between sleep duration and obe-
sity has not been well-known, but may comprise dysfunction in serum leptin and/or ghrelin
levels, both are involved in the regulation of appetite [4, 18]. A meta-analysis found that sleep
is positively associated with fat mass in toddlers. A positive association between nighttime
sleep and BMI z-scores were observed in the study reported by Kuzik and Carson [24].

Medications that may cause weight gain in children include cortisol and other glucocorti-
coids, sulfonylureas, tricyclic antidepressants (TCAs), monoamine oxidase inhibitors, such as
phenelzine, oral contraceptives, insulin (in excessive doses), thiazolidinediones, risperidone,
clozapine [25].

Other environmental factors that have been proposed as possible contributors to obesity
include the influences of gut microbiota, toxins and viruses. Due to the influence of gut micro-
biota, it has been suggested that there exists a relationship between the resident intestinal
bacteria and the potential for weight gain. Effect of microbiota may be partially responsible
for increased rate of obesity in children born via cesarean section. Intestinal bacteria seem
to influence several factors leading to development of obesity complications such us non-
alcoholic steatohepatitis, cardiovascular disease and insulin resistance in humans [26]. It has
been suggested that obesity can be triggered or worsened by exposure to a virus. Adenovirus
36 increases body fat in several animal models [18].
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Other epidemiologic studies highlight the possibility that obesity could be triggered or exac-
erbated by exposure to environmental endocrine disrupting chemicals (dichlorodiphenyltri-
chloroethane—DDT and bisphenol A—BPA). Some studies in adults and children establish
an association between urinary BPA levels and obesity or obesity related diseases, as well as
diabetes and cardiovascular disease [18].

Endocrine disruptors can disturb every level of the endocrine system. They can interrupt the
action of enzymes involved in steroidogenesis. The endocrine disruptors inducing obesity
are called obesogens and have been revealed to target transcription regulators that function
to control intracellular lipid homeostasis as well as proliferation and differentiation of adi-
pocytes. The main group of regulators that are targeted represent a group of nuclear hor-
mone receptors recognized as peroxisome proliferator-activated receptors (PPARg, 0 and v).
PPARy is considered to be the master regulator of adipogenesis and plays key roles in nearly
all aspects of adipocyte biology. Other endocrine disruptors are known to promote adipogen-
esis, but probably do not act through PPARY, these include BPA, organophosphate pesticides
and monosodium glutamate [27].

Hormonal disorders associated with childhood obesity include growth hormone deficiency,
growth hormone resistance, hypothyroidism, leptin deficiency or resistance to leptin action,
glucocorticoid excess (Cushing syndrome), precocious puberty, polycystic ovary syndrome
(PCOS), prolactin-secreting tumors. Furthermore, in obese individuals, dysfunction in the
gut-brain hypothalamic axis and ghrelin/leptin hormonal pathway has been proposed to have
a role in excess energy intake and abnormal appetite control [28].

3.1. Genetic factors

Specific syndromes and single gene defects that are linked to obesity in children have been
identified. These are very rarely causes of obesity, Generally, monogenic forms of childhood
obesity are very rare, accounting for <1% in children. Mutations in only a few genes are known
to cause the development of severe obesity in early childhood. Single gene disorders that can
cause obesity include deficiency in leptin or its receptor, mutation in leptin gene, deficiency
of proopiomelanocortin (POMC), haploinsufficiency receptor 4 and accessory protein recep-
tor 2 of melanocortin, also disorders of protein convertase 1 [4, 18]. The leptin/leptin receptor
system regulate food intake through reduce feeding and increased energy expenditure. Some
forms of monogenic obesity like congenital leptin deficiency benefits from leptin substitution
therapy that leads to significant decrease in weight [29].

Moreover, children with genetic syndromes associated with obesity typically have early onset
obesity and characteristic signs on physical examination, including dysmorphic features,
developmental delay, short stature or intellectual disability, retinal changes or deafness. The
Prader Willi syndrome is the most common among obesity syndromes and is characterized
by hypotonia and feeding difficulties during infancy, hyperphagia and obesity developing
during early childhood and developmental delay. Other syndromes associated with child-
hood obesity are Pseudohypoparathyroidism, Laurence Moon Biedl (Bardet Biedl) syndrome,
Cohen syndrome, Down syndrome and Turner syndrome [30].
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4. Pathophysiology of comorbidities of pediatric obesity

Complications of pediatric obesity occur during childhood and adolescence and increased the
risk for morbidity and mortality into adulthood.

Obesity, particularly abdominal, has been shown to be an important risk factor for a num-
ber of chronic diseases in adults. Associated with obesity in childhood is a wide range of
health serious complications and increased risk of premature onset year of illnesses. The
most important organic complications are dyslipidemia, arterial hypertension, type 2 dia-
betes mellitus, nonalcoholic fatty liver disease, polycystic ovaries syndrome, orthopedic and
respiratory complications. The metabolic syndrome (central obesity, hypertension, glucose
intolerance and hyperlipidemia) increases risk for cardiovascular morbidity and mortality.
The most frequent psychological complications are disorders concerning body image, eating
habits and depression [4, 19].

Insulin resistance is defined as a decreased response of tissue to the action of insulin, and due
to lowering of the capacity of insulin to stimulate glucose utilization by muscle cells and fat
cells and to suppress hepatic glucose production, and insulin resistance in the protein and
lipid metabolism. The association of obesity with insulin resistance is well-known: the factors
and the mechanism by which the insulin resistance compensation is produced by beta islet
cells and those that lead to the "failure" of the pancreatic beta cells in obese patients. It seems
that microvascular changes associated with diabetes begin early stages still hyperinsulinemia
with normal glycaemia or impaired oral glucose tolerance test. A central role in regulating
central nervous system appears to have fat in the body's glucose metabolism by integrating
information neural hormonal and nutritional. Insulin via the insulin receptor in the central
nervous system regulates food intake and energy homeostasis. Adipose tissue seems to play
a role in insulin resistance by metabolites, hormones and adipocytokines influencing differ-
ent stages of insulin action. Fat distribution is an important determinant of insulin resistance,
abdominal fat tissue lipolysis is easier and is less sensitive to insulin anti-lipolysis than sub-
cutaneous adipose tissue. Total fat in children correlates well with the visceral and the rela-
tionship of visceral adipose tissue and the cardiovascular risk factors demonstrated in adults
appears to differ [4, 31].

4.1. Dyslipidemia

Research on elucidating the relationship between obesity and atherogenic dyslipidemia
appears to show a close relationship with insulin resistance. Three major events are based
on atherogenic dyslipidemia of obesity with insulin resistance: excessive production of very
low density lipoprotein-cholesterol, lipoprotein catabolism and defective catabolism of high
density lipoprotein-cholesterol. Visceral fat is associated with impaired insulin-glucose
homeostasis, the plasma lipoprotein, in particular increased triglycerides and decreased high
density lipoprotein-cholesterol [4].

Arterial hypertension is recognized as an important component of metabolic syndrome in
adults, but in children, its role is not very clear. While some studies hypertension is considered
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the direct effect of obesity, insulin resistance in others, it is considered a predictor of
hypertension, independent of BMI. Arterial hypertension in the pathogenesis of obesity and
insulin resistance may play a role in which leptin resistance physiological actions of insulin
that leptin central nervous system vessels and kidneys should be changed. Studies suggest
the involvement of oxidative stress in the pathogenesis and hypertension by stimulating reac-
tive oxygen species by the renin-angiotensin-aldosterone system [32].

5. Clinical assessment of obesity

Obesity is more complicated to diagnose in children than in adults because children increase
in height, weight and body fat naturally as they grow. The criteria for defining obesity in
children are the fat mass assessment, the distribution of the body fat measure by age and sex
and a centile cut off to define the point in the body fat measure distribution corresponding to
obesity [33].

Initial assessments of these patients should include taking a careful history (investigating
comorbidities, family history and potentially modifiable behaviors) and physical examination
with BMI plotted on a BMI-for-age chart.

The careful history includes as follows: elements of perinatal life (gestational diabetes, mater-
nal obesity, birth weight, infant feeding, medications—glucocorticoids, some antiepileptics,
antipsychotics), weight history (onset of parental and child obesity, current eating behaviors,
management interventions), complications (psychological, sleeping disorders, gastrointesti-
nal and orthopedic complications, menstrual disturbances in girls), family history (ethnicity,
history of obesity, type 2 diabetes, cardiovascular disease, dyslipidemia, obstructive sleep
apnea, polycystic ovary syndrome, bariatric, surgery, eating disorders) and lifestyle history
(detailed exploration of family eating, nutritional, and activity patterns, sleep) [34].

Physical examination should include the following: anthropometric data (weight, height, BMI,
abdominal circumference), adiposity distribution (central versus generalized), assess blood
pressure, markers of comorbidities and physical stigmata of a genetic syndrome, endocrine
disorders, congenital or acquired hypothalamic alterations (fewer than 5% of cases) [4, 34].

The child’s BMI must be plotted on nationally recommended BMI—for age charts. Children
and adolescents with a BMI 299th percentile are even more likely to have comorbidities [4].

Abdominal circumference (AC) is also used for assessing excess fatty tissue is an indirect
method for assessing abdominal fat tissue. Given the strong association between body fat
distribution and risk of metabolic complications, it is helpful to calculate in all children with
excess weight from the age of 5 years and upwards the relationship between waist circumfer-
ence and height.

Other methods of measuring fat, such as bioelectrical impedance, and total body water mea-
surement are used in research, but not in clinical evaluation [4].
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Careful screening for hypertension using an appropriately sized blood pressure cuff is impor-
tant (e.g., hypertension is diagnosed if systolic or diastolic blood pressure falls over 95th per-
centile for age, gender and height in at least three occasions) [35, 36].

Endocrine problems must be considered carefully on signs suggesting hypothyroidism
(goiter), insulin resistance (acanthosis nigricans), polycystic ovary syndrome (hirsutism,
excessive acne) and Cushing syndrome (violaceous striae, moon face) [36].

Symptoms of polyuria, nocturia or polydipsia may be the result of type 2 diabetes melli-
tus. Depending on their durations, overweight and obesity are important potential risk fac-
tors for respiratory complications (asthma, sleep apnea), abdominal pain or hepatomegaly
(gastroesophagial reflux, nonalcoholic fatty liver), musculoskeletal problems (hip or knee
pain, genu valgum, slipped capital femoral epiphysis, Blount disease) and psychological dis-
orders (depression, body dissatisfaction, bulimia nervosa impaired social relationships and
decreased health-related quality of life depression) [4, 37-39].

Reproductive system and Tanner stage disturbance can reveal premature puberty, apparent
micropenis (but normal penis may be hidden in fat), undescended testis/micropenis (Prader
Willi syndrome) and must be evaluated [4].

The degree of investigation is dependent on the patient's age and severity of obesity, the find-
ings on history and physical examination, and associated familial risk factors.

First-line investigations recommended in cases of childhood obesity include fasting plasma
glucose, triglycerides, low-density lipoprotein and high-density lipoprotein cholesterol, liver
function tests and, possibly, insulinemia [4, 34, 35].

The investigations for overweight children include the fasting lipid screening test. If this chil-
dren present risk factors represented by hypertension, dyslipidemia and family history of
diabetes, it is necessary to evaluated the serum levels of fasting glucose, alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST) to every 2 years (increased value of ALT
and AST is associated with possible non-alcoholic fatty liver disease) [36].

In obese, children is necessary to evaluated serum levels of fasting lipids, glucose, ALT and
AST every 2 years, and insulinemia [4, 34, 35].

Second-line investigations may include liver ultrasound, an oral glucose tolerance test, more
detailed endocrine assessment and polysomnography [4, 34].

Patients with fasting blood glucose >100 mg/dL or overweight children (BMI 85th to 95th
percentile) who have a family history of diabetes mellitus or signs of insulin resistance
(acanthosis nigricans), polycystic ovary syndrome, or metabolic syndrome should also be
evaluated with an oral glucose tolerance test [4, 34, 35]. If the result of oral glucose tolerance
test is more than 126 mg/dL, counseling and repeating test is necessary because pediatric
obesity can lead to impaired glucose tolerance. The value of HbAlc of 40 mmol/mol (5.8%)
is an appropriate screening tool for diagnosing impaired glucose tolerance [40, 41].
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Liver ultrasound is recommended for all obese children and adolescents. In children with
confirmed ALT >40 IU/L or palpable liver, more thorough diagnostic tests are advisable with
gamma-GT and differential diagnosis of hepatitis [41].

Other laboratory tests such as thyroid function tests (if there is a faster increase in weight
than height), pelvic ultrasound and hormonal doses in cases of suspected polycystic ovary
syndrome have been recommended [4, 41].

Psychological and psychiatric evaluations are essential to identify psychological disturbances
including depression, loss-of-control eating, unhealthy and extreme weight control behav-
iors, and decreased health-related quality of life which are warning signs of bulimia nervosa
and binge-eating disorder [39].

In patients with hypertension more diagnostic tests should be done: cardiac exam: ECG and
echocardiogram, standard urinalysis, microalbuminuria, creatinine and potassium levels
[4, 41].

We should realize screening for diagnosis of metabolic syndrome in the presence of at least
three of the following situations: BMI indicate obesity or waist circumference/height ratio >0.5,
systolic and/or diastolic blood pressure >95th percentile, fasting blood glucose >100 mg/dL,
serum level of triglycerides >95th percentile, serum level of HDL cholesterol [4, 41].

According to International Diabetes Federation (IDF), the consensus definition of metabolic
syndrome in children (older than 6 years) and adolescents are as follows:

- for children aged 6-10 years:
- obesity mean a waist circumference >90th percentile

- in case of metabolic syndrome that cannot be diagnosed, the measurements should be made
if there is a family history of metabolic syndrome, type 2 diabetes mellitus, dyslipidemia,
cardiovascular disease, hypertension or obesity.

- IDF suggests for weight reduction to use an appropriate message in patients with abdominal
obesity.

- for children aged 10-16 years:

- obesity mean a waist circumference >90th percentile (or adult cut-off if lower).
- serum triglycerides level >1.7 mmol/l

- serum HDL cholesterol level <1.03 mmol/1

- systolic blood pressure >130 mmHg or diastolic blood pressure >85 mmHg

- blood glucose >5.6 mmol/l (oral glucose tolerance test recommended) or medical history of
type 2 diabetes mellitus

- for children >16 years:
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- should use the IDF criteria for adults. According to the recent IDF definition, a person with
metabolic syndrome must have central obesity (defined as waist circumference using ethnic-
ity-specific values) and any two of the following four factors:

- serum triglyceride levels >150 mg/dl (1.7 mmol/l) or specific treatment recommended for
this abnormality

- reduced serum HDL cholesterol level <40 mg/dl (1.03 mmol/l) in males and <50 mg/dl
(1.29 mmol/l) in females, or specific treatment for this lipid abnormality

- raised blood pressure: systolic blood pressure >130 mmHg or diastolic blood pressure of
85 mmHg or treatment for previously diagnosed hypertension

- raised fasting plasma glucose >100 mg/dl (5.6 mmol/l) or previously diagnosed type 2 dia-
betes (if above 5.6 mmol/l or 100 mg/dl, the oral glucose tolerance test is strongly recom-
mended but is not necessary to define the presence of this syndrome) [32, 42].

Vitamin D deficiency is common in obese children and is associated with risk factors for
type 2 diabetes in obese children, but they are not still recommended by national clinical
practice guidelines as routine measures [43].

6. Management of child obesity

Prevention is the best cost/benefit approach for the management of obesity in children and, in
the future, of adulthood. Childhood obesity is a multifaceted problem embedded in physiolog-
ical, behavioral, genetic, socioeconomic, environmental and political contexts, and the actions
to prevent childhood obesity must therefore be taken in multiple settings. Public awareness
campaigns, social marketing and behavior-change communication related to nutrition and
physical activity implemented in countries together are very important strategies regard-
ing childhood obesity prevention. The critical periods of pediatric obesity characterized by
important changes in adiposity growth velocity or obesity related behavior are represented
by the first year of life, the preschool (“adiposity rebound”) and adolescence years. The transi-
tion period from childhood to adolescence is characterized by important behavioral changes
and decreased physical activity [44]. The obesity primary prevention begins in pregnancy
period (healthy food diet), continuing with promoting the breastfeeding in the first 2 years of
life, and then with support for healthy eating habits (low sugar consumption, eat breakfast
every day, eat at home with family, avoid fast—food meals, avoid television in the first years
of life and limit television to less than 2 h per day after then, etc. [4, 41, 45, 46].

Management of obesity should be based on risk factors, including age, severity of overweight
and obesity and comorbidities, as well as family history and support. Management interven-
tion strategies are available and include nutrition, physical activity, behavior and lifestyle
changes, medication and surgical considerations. Treatment largely focuses on sustained life-
style changes with family involvement. There are several broad principles of conventional
management: management of comorbidities, family involvement, taking a developmentally
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appropriate approach, the use of a range of behavior change techniques, long-term dietary
change, increased physical activity and decreased sedentary behaviors. The primary goal
for all children with uncomplicated obesity is the long-term improvement of physical health
through healthy lifestyles. In obese children with a secondary complication, specific treat-
ment of the complication is an important goal. Effective weight reduction is one of the key ele-
ments in the treatment of comorbidities. In morbid obesity, bariatric surgery and laparoscopic
sleeve gastrectomy have been used in adolescence [4, 34, 41].

In order to plan a developmentally appropriate approach, it is essential to consider the
developmental age of the patient and the resultant level of parental engagement that will
be required. Most successful interventions have been family based and take into account the
child’s developmental age. In preadolescent children, a parent-based program, without direct
engagement of the child, might be more appropriate than a child centered approach.

Depending on the age of the child, the present of parents must be or not compulsory. For
example, if we talk about adolescents, the present of parents in not recommended. However,
the parents must participate at counseling session that are designed for them.

Because obesity is multifactorial, not all children and adolescents will respond to the same
approach. Behavior therapy, healthy diet and increasing physical activity are the great sec-
tions of obesity treatment. Referral to multidisciplinary, comprehensive pediatric weight—
management programs is ideal for obese children whenever possible [4, 34].

Behavior modification strategy has a large effect on weight reduction. The set of techniques
employed to change thought processes and actions associated with eating, physical activity
and sedentary are components of behavior strategies. For the obese adolescent, there are sev-
eral ways to help him acquiring a healthy lifestyle: to log daily his physical effort and food
intake; to participate to motivational interview; to receive permanent psychological support
for positive lifestyle changes [34, 41, 46].

Dietary interventions are usually part of a broader lifestyle change program can be effective
in achieving relative weight loss in children and adolescents. Dietary interventions should
follow national nutrition guidelines which have an emphasis on:

- at least five meals over the day (three meals + two snacks)
- restrict/replace specific high calorie foods with others less rich in calories

- the protein content: it is suggested the 14 meals per week: meat, three to four times a week;
fish, three to four times a week; legumes, three to four times a week; cheese and eggs, once a
week.

- carbohydrates should account for at least 50% of total calories, preferring low glycemic
index foods: cereals such as pasta, barley and whole wheat products—twice a day; legumes;
fruit and vegetables (not canned or pureed) five servings a day) and by limiting foods that
combine a high glycemic index to a high glycemic load (bread, rice, potatoes, sweets, sugar,
fruit juices, sweet drinks).

- the total fat in the diet should account for no more than 30% of total calories.
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- the adequate intake of fiber in grams/day: five servings a day of fruits and vegetables in sea-
son, not canned or pureed, and legumes four times a week are recommended.

- decreased portion sizes.
- drinking water as the main beverage and reduction in sugary drink intake.
- involvement of the entire family in making sustainable dietary changes [34, 41].

Increasing physical activity can decrease risk for cardiovascular disease, improve well-being
and contribute to weight loss:

- walking or cycling for transport,
- undertaking household chores and playing,
- organized exercise programs,

- limiting television and other small screen recreation to less than 2 h per day is particularly
strategic, but may be challenging,

-is recommended at least 60 min of moderate exercise.

Parental involvement is vital and may include monitoring and limiting television use, role
modeling of healthy behaviors and providing access to recreation areas or recreational
equipment.

Existing recommendations on management of pediatric obesity suggest that drug therapy can
be used in the treatment of severely obese adolescents. Orlistat can be useful as an adjunct to
lifestyle changes in severely obese adolescents and metformin can be used in older children
and adolescents with clinical insulin resistance [4, 34, 41].

Bariatric surgery should be considered in adolescents with complete or near-complete skel-
etal maturity, who are severely obese with a body mass index of more than 40 kg/m? or weight
exceeding 100% of ideal body, and a medical complication resulting from obesity, after they
have failed 6 months of a multidisciplinary weight management program. Preoperative care
and counselling is very important if we want to have good long-term results for bariatric
surgery patients. This care must be provided by specialist in various medical fields: endocri-
nology, gastroenterology, cardiovascular, pneumology, etc. All this effort must by sustained
with nutritional and psychological support [4, 34, 41,47, 48].

Childhood obesity treatment is based on sustained lifestyle changes with family involvement.
Behavior therapy, healthy diet and increasing physical activity are the great sections of obe-
sity treatment.

7. Conclusions

Childhood and adolescent obesity is a major health problem. The prevalence of childhood
obesity in Europe is ten times higher than it was in the 1970s. The increasing occurrence in

109



110 Adiposity - Epidemiology and Treatment Modalities

children of disorders, such as type 2 diabetes, is a consequence of this obesity epidemic. Initial
assessments of these patients should include taking a careful history (investigating comor-
bidities, family history and potentially modifiable behaviors) and physical examination.
The degree of investigation is dependent on the patient's age and severity of obesity, the find-
ings on history and physical examination, and associated familial risk factors. The increased
prevalence of obesity in childhood and adolescence highlights the need for effective treatment
approaches. There are several broad principles of conventional management: management of
comorbidities, family involvement, the use of a range of behavior change techniques, long-
term dietary change, increased physical activity and decreased sedentary behaviors. Pediatric
patients and their families should be counselled on nutritional interventions including limit-
ing sugar-sweetened beverages, eating nutrient-dense breakfasts, limiting eating out at fast
food restaurants, families eating together, increased exercise and decreased time in front of
computer and TV screens. For adolescents with severe obesity, lifestyle changes are manda-
tory. This change must be supported with medical therapy (the only drugs approved by the
health organizations are Orlistat and Metformin; these treatments do not exclude metabolic
surgery). Finally, given the high prevalence and chronic nature of obesity, coordinated mod-
els of care for health service delivery for the management of pediatric obesity are needed.
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Abstract

Multimodal lifestyle intervention is an essential step in obesity management. This chapter
will discuss the structure and components of a proper multimodal lifestyle intervention.
The setting for suppling this intervention is preferred to be served by a multidisciplinary
team in a secondary care setting, but primary healthcare or even online setting is effec-
tive. The results of this type of holistic intervention are much more promising than
single-discipline outcome. Success rates of intensive multimodal lifestyle intervention
are growing to make it as a potential alternative to bariatric surgery in selected mor-
bidly obese cases. However, this intervention has some limitations such as unpredicted
outcomes and high dropout rates. Future studies should augment its curing effects and
address the underlying mechanisms.

Keywords: multimodal lifestyle intervention, obesity management, obesity
multidisciplinary teams

1. Introduction

Study and management of obesity are hot points in medical research and healthcare services
worldwide. This increasing importance of studying and combating obesity came as a result
of rapid pandemic prevalence of obesity and being one of the most preventable risk factors
of many comorbidities. The traditional management of obesity included many disciplines
of healthcare providers through many remedies including dietary manipulations, physical
activity (PA) plans, behavioral modification, pharmacotherapy, bariatric surgery, and other
complementary therapies [1]. Shift toward trial of complementary methods, such as acupunc-
ture, homeopathy, chiropractic spinal manipulation, and herbal remedies, reflects the lim-
ited success rates of the nonsurgical methods for management of obesity. However, single
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use of a complementary remedy showed small effects with unconvincing evidence in addi-
tion to some adverse effects [2]. Low success rates of nonsurgical treatments of obesity and
inadequate results may not only result in a management failure but may increase severity
of obesity [3]. Even in surgical solutions of obesity, one can find a promising rate of weight
loss in short-term basis, but after few years, weight regained especially if not combined with
lifestyle modifications such as compliance to dietary and physical activity prescriptions [4].
Accordingly, it can be concluded that single treatment modality is not sufficient for obesity
management even with bariatric surgery. The multifactorial nature of obesity as a chronic
disease emphasizes this theory. Combined different remedies for weigh loss such as diet plus
physical activity achieved a synergistic result rather than using combined protocols in the
same remedy such as low-fat diet and low-carbohydrate diet [5].

Teamwork management including different disciplines is increasingly emphasized in man-
agement of many chronic diseases. Depth of collaboration among allied disciplines cre-
ated many levels of multimodal intervention. A multidisciplinary-team approach refers to
the cooperation among members from different specialties, but each one stays within his
boundaries and works independently or sequentially, each from his or her own disciplinary-
specific perspective (i.e., no overlap), in order to improve patient care. The second level is
interdisciplinary approach, which harmonizes links between the different disciplines, in a
coordinated and integrated fashion toward a common goal for the patient. The third level is
transdisciplinary team in which specialists work jointly using a shared conceptual framework
that draws together discipline-specific approaches, to address a common problem. Here, the
traditional boundaries among different specialties were transcended [6]. Obesity is a good
candidate for applying any of these levels for teamwork management because of its multifac-
torial nature, diversity in response to separate treatment approaches, and predisposition to
multiple comorbidities belong to different medical specialties.

2. Multimodal lifestyle intervention for obesity management

From practical point of view, the nonsurgical obesity-related disciplines are much easier to
collaborate in a teamwork at any level of multidisciplinary structure. Diet, physical activity,
and behavioral modification represent the cornerstone of nonsurgical management of obesity.
Combination of these three modalities, which collectively seek to achieve a healthier and less
obesogenic lifestyle, is the multimodal lifestyle intervention.

The barriers to a healthful lifestyle are numerous and complex but can be sorted in four
levels: intrapersonal, interpersonal, community, and public policy levels. For adolescents,
as an example, the main intra/interpersonal barriers were improper perception of the con-
dition, lack of willingness, priority of studying, unsatisfactory weight loss results, and low
self-esteem, while lack of family and cultural support, inadequate nutritional education, and
scarcity of resources were the common community/public barriers [7]. Perspective of clinical
nutrition, as a main medical specialty interested in obesity management, cannot combat these
entire barriers resulting in high dropout and failure rates of obesity management. Clinical
nutritionist with obesity interest should add some skills about physical activity prescription
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and behavioral modification to achieve better results. Therefore, integrated efforts of clinical
nutritionist, physical activity trainer, and behavioral therapist could overcome much more of
these barriers with better commitment and higher success rates of obesity management.

2.1. Which specialties should share the responsibility?
2.1.1. Main medical specialties

The first two components of multimodal lifestyle intervention were clinical nutrition and
physical activity. Addition of physical activity augments diet-induced weight loss through
many mechanisms. One study examined the total energy expenditure by doubly labeled
water and resting metabolic rate by indirect calorimetry in 116 severely obese patients under-
going intervention with diet alone or diet plus physical activity (PA). The results were lower
reduction in the daily total energy expenditure (122 + 319 vs. -376 + 305 kcal day™), elimi-
nation of the usual decrease of the activity-induced energy expenditure (83 + 279 vs. -211 =+
284 kcal day™), and greater weight loss (13.0 £ 7.0 vs. 8.1 + 6.3 kg) in diet plus PA group vs.
diet alone. Increased PA was associated with greater adherence to low-calorie prescriptions
and maintenance of greater weight loss after 6 months [8]. Furthermore, combination of PA
modalities such as aerobic training and resistance training adds more to the healthy eating
lifestyle than one PA modality. A randomized, parallel-group clinical trial at community-
based exercise facilities in two Canadian cities examined 304 adolescents with obesity and
revealed that resistance, aerobic, and combined training decreased total percent body fat and
waist circumference in adolescents with obesity. Additionally, adherent cases with combined
training might cause greater results than aerobic or resistance training alone [9]

Adding a new player to the obesity managing team such as behavioral modification/therapy
raises the success rates and gives promising results not only in weight loss but also in body
composition. Therefore, it is now accepted that behavioral therapy is an essential component
of any adequate obesity managing team. Behavioral management includes many techniques
such as goal setting, stimulus control, stress management, problem-solving procedures, self-
monitoring, reinforcement techniques, cognitive restructuring, rewarding changes in behav-
ior, social and family support, and relapse anticipation/prevention training [10]. Detailed
description of these techniques is out of scoop of this chapter. Another alternative psycho-
logical approach for obesity management was reported [11]. It is based on food dependency
model of obesity. This model considers obesity as a form of addiction, similar to psychoactive
substance abuse, that is, obesity is a combination of the inability to control eating and exercise
behaviors to control body fat as a result of an addictive process produced by a vicious circle of
distorted thinking and physiological disturbances. According to this model, recommendation
for weigh loss included reasonable caloric restriction, gradual decrease of fat quantity in food,
physical exercise, strategies for improving self-regulation of eating and exercise, and social/
family support [12]. A large number of clinical trials examined the effects of behavioral treat-
ment on weight loss. Most of these trials structured group meetings weekly for the initial 3-6
months of treatment period, biweekly meetings later on up to 12 months, and then become
monthly or bimonthly for the later phases of the study (up to 2 years). Group therapy may
be more effective than individual treatment as it is less costly and provides a combination of
empathy, social support, and healthy competition [13].
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Another member of the team could enhance weight loss outcomes, which is adding a phar-
macotherapy to previous approaches. Medications try either to modify the internal environ-
ment centrally or peripherally or to minimize the obesity-related physiological disturbances
as a trial to predispose to a healthier internal environment. Orlistat, phentermine/topiramate,
glucagon-like peptide-1 receptor agonists, lorcaserin, dipeptidyl peptidase-4 inhibitors,
pramlintide, and dapagliflozin are available medications of variable adjuvant effects, when
integrated with the multimodal lifestyle intervention yield more success [14]. In the future,
novel therapeutic targets should extend beyond appetite control to include new strategies,
such as taste preferences (e.g., Umami), energy expenditure, gut microbiota, bile acid signal-
ing, preservation of -cell function and hepatic glucose output, and so on.

2.1.2. Other disciplines

Complementary and alternative medicine (CAM) is defined as a group of varied medical and
healthcare systems, practices, and products that are not considered to be part of any current
Western healthcare system [15]. CAM included a wide range of remedies that were used in
obesity management such as herbal supplements, acupuncture, and noninvasive body-con-
touring devices in addition to homeopathy, yoga therapy, relaxation techniques, massage, and
chiropractic medicine. Despite the lack of a strong evidence about efficacy and safety, CAM
is widely used especially at private centers and as a folk medicine. The positive results may
appear more with mild degrees of obesity [2]. For acupuncture as an example, a meta-analysis
published in 2009 [16] investigated the randomized controlled trials (RCTs) for acupuncture
compared either with placebo-controlled or with dietary intervention for obesity manage-
ment and revealed that acupuncture is an effective modality for obesity treatment. However,
the amount of evidence is not highly convincing because of the poor methodological qual-
ity of trials reviewed. Addition of one or more remedies of CAM to the multimodal lifestyle
intervention might produce more success in obesity cure. This evident in a study performed a
retrospective analysis of patients attending a 13-week weight loss program consisting of chiro-
practic/spinal manipulative therapy in addition to nutritional intervention, physical activity,
and one-on-one counseling. The results were statistically and clinically significant as regard-
ing changes in weight and BMI. This might provide supporting evidence on the effectiveness
of a multimodal approach to weight loss supplemented with chiropractic therapy [17].

2.2. Where? or In which setting?
2.2.1. Obesity multidisciplinary teams (OMDTs)

Construction of multidisciplinary, interdisciplinary, or transdisciplinary centers for obesity
management is necessary for augmentation of success rates of lifestyle intervention. The
National Institute of Health and Care Excellence (NICE) has recommended that multidisci-
plinary teams (MDTs) should be used in the treatment of complex obesity. In each hospital,
OMDT should consist of a bariatric physician with a specialist interest in obesity as a leader,
a registered dietitian, a clinical/counseling psychologist, a specialist nurse, and an access to a
physical therapist/exercise physiologist. MDT weight management services should be deliv-
ered in the secondary care setting where bariatric physician (such as an endocrinologist or a
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physician nutrition specialist) can assess etiology, severity of obesity, and its related comorbid-
ities through the medical history and physical examination. The physician will then prescribe
appropriate antiobesity drugs or medication for associated comorbidities. Patient should be
referred or shifted to other members of OMDT. A dietitian is required to assess the dietary
habits of the patient and to tailor an individualized management plan that will aid sustainable
weight loss. The role of a psychologist is to identify the psychosocial factors that contributed
to the body weight and the factors that maintain the problem and prevent making meaningful
lifestyle changes. Then he recommends a plan for how these factors can be managed either
by a psychological support within the MDT service or by referring them to an appropriate
psychiatric subspecialty. A physical therapist is essential to assess the patient’s physical capa-
bility and prescribe the appropriate plan of physical activity. The specialist nurse is required
to assist with medical assessments, provide advice regarding comorbidity management, and
assist in the administration and scoring of dietary or mental questionnaires [18], see Figure 1.
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Figure 1. Construction and job specification of the obesity multidisciplinary team.

2.2.2. Primary healthcare setting

Primary healthcare (PHC) practitioners are encouraged to screen all adults for obesity and to
offer nutritional education and behavioral counseling to cases with obesity. Training of PHC
practitioners on implementation of the basic components of multimodal lifestyle intervention
especially dietary, physical activity, and behavioral counseling is mandatory. In the year 2006,
the National Heart, Lung, and Blood Institute (NHLBI) funded practice-based opportunities
for weight reduction (POWER) trials for this purpose [19]. Three clinical trials [20-22] proved
that PHC practitioners produced mean weight losses ranged from 3.6 to 9.7 at 6 to 12 months
when they provided a brief behavioral counseling to obese patients in their daily practices.
A fourth study randomly enrolled overweight 113 women into a dietitian-led intervention, a
dietitian-led intervention plus meal replacements, or a PHC intervention with meal replace-
ments. Participants were instructed to attend brief every-other-week visits with their primary
care physician or nurse. After 1 year, adherent cases (65%) in PHC group lost weight slightly
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more than dietitian-led group (4.3% vs. 4.1% of initial weight). However, participants in the
dietitian-led plus meal replacements group lost 9.1%, that is, PHC intervention using meal
replacements was as effective as the traditional dietitian-led group intervention not using
meal replacements [23].

2.2.3. Via telephone or the internet

Multimodal lifestyle intervention is now being delivered by the telephone or Internet (rather
than in face-to-face setting). Web-based programs such as Weight Watchers and Nutrisystem
allow individual to record their weight, dietary intake, and physical activity online and to
receive colorful dietary regimens, tips for physical activity, and behavioral modification,
together with graphic displays of weight changes. Even in some programs, a personalized
intervention by a lifestyle specialist can be offered. Internet intervention generally produces
mean weight losses about one-third of the traditional face-to-face programs and about three
times of the self-help controls. These commercial interventions proved their effects via RCTs
against self-help controls [13, 19].

3. Outcomes of multimodal lifestyle intervention

Outcomes of the multimodal lifestyle intervention are still inferior to surgical results.
However, it is increasingly promising especially if implemented via OMDT. Clinical studies
comparing intensive multimodal lifestyle intervention with bariatric surgery provide a con-
vincing evidence about the growing effect of nonsurgical solutions of obesity. A randomized
controlled, clinical trial with a 2-year intervention aimed to compare the efficacy of the three
levels of obesity intervention, that is, conventional obesity therapy (COT), intensive multi-
modal obesity management including behavioral therapy (IMOM), and bariatric surgery (BS)
as regarding changes in body weight and metabolic parameters in morbidly obese patients.
IMOM group resulted in a greater percentage of weight loss than COT patients (-11.3% vs.
-1.6%; P <0.0044). Furthermore, 31.4% of patients in the IMOM group became non-morbidly
obese within six months of intervention, and at the end of the study, they increased to 44.4%.
By comparison with BS group, percentage weight loss grew from 5% for COT group to 38%
for IMOM from surgical achievement, that is, percentage of weight loss in IMOM achieved
more than one-third of the results of bariatric surgery without complication of surgery.
Accordingly, IMOM could be an alternative therapy to patients with obesity, who cannot
tolerate bariatric surgery [24].

Look AHEAD study is an interesting 8-year randomized clinical trial. They investigated the
effects of intentional weight loss via intensive multimodal lifestyle intervention that included
behavioral therapy vs. usual care (education and medication of diabetes), on cardiovascular
morbidity and mortality in 5145 overweight/obese adults with type 2 diabetes. Dropout rate
was only 12%, and in adherent cases, a clinically significant weight loss (=5%) at year 8 occurs
in 50% of patients with type 2 diabetes [25]. Furthermore, they proved that severely obese par-
ticipants had similar adherence, percentage of weight loss, and improvement in CVD risk com-
pared with less obese participants, indicating that multimodal lifestyle intervention including
behavioral therapy should be considered an effective option for this high-risk category [26].
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A recent meta-analysis assessed the impact of lifestyle interventions including a physical
activity plan on health outcomes of patients with class II and class III obesity. After the analy-
sis of 56 articles, they concluded that lifestyle interventions including a PA plan can improve
weight and various cardiometabolic risk factors in class II and class III obese individuals [27].
By shifting to prospective studies, Karlsen et al. [28] reported that the predictors of weight
loss after intensive multimodal lifestyle intervention for one year in morbidly obese patients
were excess weight loss at 12 weeks, baseline mental health-related quality of life, occupa-
tional status, and age.

Data from pediatric studies are also promising. Morano et al. [29] designed a 6-month mul-
timodal lifestyle intervention for children (ages 10-12 years) with obesity, incorporating
school- and family-based components, nutritional education, fun-type physical activities, and
exercise training. The results were significant reduction in body mass index z-score, body fat
percentage, arm and waist circumferences, and skinfold thickness (for all P < 0.05), in addi-
tion to improvement of actual and perceived physical abilities, physical activity enjoyment,
psychosocial health-related quality of life, and dietary pattern. This indicates the importance
of combined dietary-physical activity-behavioral interventions in children with overweight
and obesity. Meta-analysis of 64 pediatric and adolescent RCTs (5230 participant) including
lifestyle interventions focused on physical activity and sedentary behavior (12 studies), diet
only (6 studies), and multimodal interventions concentrated on behavioral modification/ther-
apy (36 studies), and antiobesity drug interventions (metformin, orlistat, and sibutramine)
were found in 10 studies. The studies varied greatly in design, outcome measurements, and
methodological quality. The authors concluded that combined behavioral lifestyle interven-
tions compared to standard care or self-help can produce a significant and clinically meaning-
ful weight reduction in children and adolescents. However, the limited quality data cannot
recommend one treatment program to be superior over another [30].

Efforts should be directed toward explanation and extraction of the underlying mechanisms
of proper lifestyle intervention of obesity. As a trial, many studies examined body composi-
tional changes during and after intervention. I have one published article about this issue,
where a cohort of adult men with overweightness and obesity underwent to a multicompo-
nent lifestyle intervention including dietary restriction, gradual physical plan, and techniques
of behavioral modification for 12 months. In regards to the short-term changes in the body
composition, there were a significant loss of fat-free mass (FFM), fat-free mass index (FFMI),
and total body water (TBW) in obesity group rather than overweight group. This indicates that
patients with obesity lose water and fat-free tissues together with fat loss in the early weeks
of multimodal lifestyle intervention for obesity management. On the other hand, long-term
body compositional changes after 6 to 12 months showed progressive significant reduction
of weight, BMI, waist circumference, percent body fat, fat mass, and fat mass index through-
out the study, in addition to preservation of FFM, FFMI, and TBW [31]. Unpublished data
revealed also a significant reduction of estimated visceral fat area and improvement of lipid
panel. A new meta-analysis of RCTs, which assessed the effect of caloric restriction and exer-
cise training on bone mineral density (BMD), was published [32]. It proved that diet-induced
weight reduction led to reduction of BMD at the hip and lumbar spine, while exercise-induced
weight loss did not. Furthermore, a running RCT investigating body composition and bone
mass changes among children undergoing multimodal lifestyle intervention was started by
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Cohen et al. [33]. They designed a RCT for 6- to 8-year-old children with overweightness
or obesity, where participants were randomized to a family-centered intervention including
nutritional education, physical activity, and behavioral control vs. standard treatment.

Unpredicted outcomes are a common feature of lifestyle intervention for chronic diseases
especially for obesity. Karlsen et al.’s study [28] tried to report some predictors of weight loss
after intensive multimodal lifestyle intervention in morbidly obese patients (see above). In
Abulmeaty [31] study comparison of the basal characteristics adherent with non-responding
and dropped out cases revealed that cases with high percent body fat were more prone to
dropping out. Furthermore, Suchének et al. [34] reported that body composition changes in
adult females after lifestyle intervention were influenced by the NYD-SP18 gene polymor-
phism, where overweight/obese female carriers of the NYD-SP18 rs6971091 GG genotype
exhibited a more beneficial response to the intensive lifestyle intervention than others.

Another significant limitation of multimodal lifestyle intervention is high rates of dropout.
One systemic review searched the literature to find an answer of that question “what are the
dropout rates in lifestyle intervention programs for overweight and obese infertile women?”
Ten out of studied fifteen articles reported dropout rates. The median dropout rate was 24%
(ranged from 0% to 31%). They also concluded that women who drop out lose less weight and
have lower spontaneous pregnancy chances than adherents [35]. About 64% is another pub-
lished rate of dropout from Kuwaiti adult males and females with chronic diseases includ-
ing diabesity [36]. They also reported the main causes of dropout from dietary intervention,
which included unwillingness (48.6%), difficulty adhering to a diet different from that of
the family (30.2%), and social meetings (13.7%). The main reasons of exercise dropout were
lack of time (39.0%), co-morbid conditions (35.6%), and bad weather conditions (27.8%). The
factors interfering with adherence to lifestyle measures were use of cars more than walking
(83.8%), traditional fatty food, (79.9%), daily stress (70.7%), high frequency of social meetings
(59.6%), high consumption of fast food (54.5%), and the presence of house cleaners (54.1%).
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Abstract

Both obesity and physical inactivity are global health problems responsible for the risk
increment of non-communicable diseases. Obese individuals usually cannot perform
the recommended level of physical activity because of their low physical fitness and
comorbidities. The purpose of this chapter is summarizing and evaluating the effects of
physical activity on obesity. The author also focuses on the association between non-
exercise activity thermogenesis (NEAT) and obesity. The author has reviewed 13
systematic reviews and meta-analyses of randomized controlled trials investigating the
effects of physical activity on obesity. Exercise is essential for the management of obesity.
However, exercise alone is not sufficient for long-term weight loss and improving
cardiovascular disease (CVD) risk factors. Diet seems to be more effective for treating
obesity than exercise. On the other hand, exercise improves cardiorespiratory fitness
and skeletal muscle fitness, which leads to prevent sarcopenic obesity in the elderly.
Exercise therapy should be performed in conjunction with diet therapy to improve
obesity. NEAT is the main determinant of variability in daily energy expenditure, which
considerably contributes to weight change in humans. The current evidence regarding
NEAT is limited; however, NEAT appears to be effective for the management of
metabolic diseases as well as weight loss. To reveal the optimal mode of physical activity
and to elucidate the effects of NEAT on health beyond weight lowering, further well-
designed studies are warranted.

Keywords: obesity, physical activity, exercise, systematic review and meta-analysis,
non-exercise activity thermogenesis

1. Introduction

Obesity prevalence rapidly increases in the world. A recent epidemiological study reported that
an estimated 1.46 billion adults were overweight (body mass index (BMI) > 25 kg/m?), and 502
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million adults were obese (BMI >30 kg/m?) [1]. Such global obesity pandemic has serious health
problems. Obesity is an established risk factor for type 2 diabetes, cancers, and cardiovascular
diseases (CVD), which cause large disease burden in many low-income countries as well as
high-income countries [2]. Meanwhile, physical inactivity is also a global health problem
responsible for the risk increment of non-communicable diseases such as type 2 diabetes,
coronary heart disease, and breast and colon cancers [3]. If physical inactivity disappears, the
life expectancy of humans would rise by 0.68 years [3]. The American College of Sports Medicine
and the American Heart Association have recommended that obese individuals engage in
moderate-intensity aerobic physical activity for at least 30 minutes for 5 days per week, or
vigorous-intensity aerobic physical activity for at least 20 minutes for 3 days per week [4].
However, obese individuals have usually physical, social, and psychological barriers to perform
the recommended level of physical activity [5], it is quite difficult to resolve these two major
health problems worldwide; obesity and physical inactivity pandemic. Nevertheless, a large
number of clinical studies investigating the effects of physical activity on obesity have been
conducted, and the evidence has been accumulated. This review is aimed at summarizing the
current literature related to physical activity and obesity, and evaluating the effects of physical
activity on obesity. This review will help clinicians, researchers, and obese individuals in the
management of obesity. In addition to the literature review, the author focuses on the association
between non-exercise activity thermogenesis (NEAT) and obesity to explore the possibility of
applying NEAT to the treatment of obesity.

2. Methods

The author searched the English literature on physical activity and obesity using PubMed/
MEDLINE and Cochrane Database of Systematic Reviews in the last 5 years (from June 2011
to May 2016). The author reviewed systematic reviews and meta-analyses of randomized
controlled trials (RCTs) in principle. The search terms were “physical activity or exercise”,
“obesity”, “systematic review”, and “meta-analysis”. The search returned 175 published
articles. If the study participants were younger than 18 years, pregnant and women in the
perinatal, and study outcomes were not related to weight loss, metabolic diseases, and CVD
risk factors, the studies were excluded from this review. The titles and abstracts of the identified
articles were reviewed to determine their relevance. Thirteen articles met the criteria for this

review.

3. Results

3.1. The effect of lifestyle intervention on obesity

Obviously, the first-line treatment for obesity is lifestyle habit improvement. Peirson et al. [6]
updated the previous review of the effectiveness of behavioral and pharmacologic interven-
tions for treating obesity in adults. Of 68 identified studies, eight studies were diet interven-
tions, four studies were exercise interventions, 10 studies were diet plus exercise interventions,
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and 19 studies were lifestyle modifications. The exercise intervention had -1.49 kg reduction
in weight, and the diet plus exercise intervention had —3.83 kg reduction in weight, respectively.
Interventions by exercise alone did not achieve the greater reduction in weight, while inter-
ventions by diet alone showed the largest reduction in weight compared with the control
group. However, the quality of evidence rating of these interventions was low. Additionally,
this meta-analysis showed improvements in metabolic parameters in behavioral intervention
subjects; TC (-0.10 mmol/L), low-density lipoprotein cholesterol (LDL-C) (-0.14 mmol/L),
fasting blood glucose (-0.14 mmol/L), systolic blood pressure (-1.76 mmHg), and diastolic
blood pressure (—1.60 mmHg). The incidence of type 2 diabetes was also less in the behavioral
intervention group than in control group (risk ratio = 0.55, absolute risk reduction = 8.88%).
No significant difference between behavioral and pharmacologic interventions for obesity-
related outcomes was observed, although the potential adverse effects occurred more fre-
quently in pharmacologic interventions than behavioral interventions. This result is of
importance. Lifestyle intervention including an increase in physical activity is a safer and
highly effective strategy for the management of obesity. However, this review also showed that
the effectiveness of physical activity alone on obesity was small.

Behavioral weight management interventions can achieve weight reduction by 8-10%;
however, most obese individuals regain weight after interventions end. A systematic review
reported that the effect of extended care on weight-loss maintenance resulted in an additional
3.2 kg weightloss than normal care [7]. Dombrowski et al. [8] systematically reviewed the long-
term effects of non-surgical treatments for weight-loss maintenance. Among 45 eligible studies,
the weighted average age and BMI before interventions were 47.3 years and 35.2 kg/m?,
respectively. The weighted average weight loss across studies was —10.8 kg during the initial
weight loss treatment (ranged from 2 to 12 months). The physical activity recommendations
for weight loss were various. The most common recommendation was walking. Physical
activity frequency varied from three to five times per week with a 20-30 minutes session;
however, physical activity intensity was not described in detail. Most studies did not provide
details of physical activity interventions. For weight-loss maintenance, recommendations for
physical activity promoted a general increase in physical activity in most studies. Some studies
provided specific recommendations such as walking, resistance training, and exercise classes.
Extended behavioral/lifestyle management showed a mean weight change of -1.56 kg at
12 months, -1.96 kg at 18 months, and —1.48 kg at 24 months. However, there were no evidence
of effectiveness for physical activity interventions and adding aerobic exercise or physical
activity such as walking to a dietary intervention. Similarly, Johansson et al. [9] evaluated the
effects of diet, exercise, or anti-obesity drugs on weight-loss maintenance after low-calorie diet
interventions. A total of 20 RCTs met the criteria, which included three exercise (one of the
three studies investigated the effect of both diet and exercise) intervention studies. The mean
age and BMI of participants ranged from 28 to 48 years and from 27.9 to 41.6 kg/m? respectively.
After the weight-loss intervention using very-low-calorie diet (<800 kcal/day) or low-calorie
diet (800-1000 kcal/day), the studies randomly assigned participants to a weight-loss
maintenance intervention group or a control group. Exercise interventions were resistance
training, walking, and arthritis-adapted knee exercises. Exercise did not improve weight-loss
maintenance, and a significant heterogeneity among studies was observed. When included
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two studies that focused on the only exercise, weight-loss maintenance was improved;
weighted mean difference was 1.6 kg with 8 months of maintenance phase duration. However,
if the unsupervised follow-up (median follow-up duration: 24 months) was included in the
analysis, weight-loss maintenance was not improved; the weighted mean difference was
-0.7 kg. Going on a diet without physical activity instructions seems to be quite difficult.

Several systematic reviews have examined the effectiveness of workplace physical activity
interventions [10,11] and eHealth using the internet and smartphones [12], or interactive
computer-based interventions [13] on obesity. They are effective for weight loss and weight
maintenance than no behavioral intervention. However, there is insufficient evidence for
improving obesity by such interventions. Daily physical activity in workplace and home
besides structured exercise plays a crucial role in the management of obesity [14]. Hence, to
elucidate the role of daily physical activity, NEAT is important in controlling body weight. The
details are described later.

Table 1 shows a summary of published systematic reviews of the effectiveness of lifestyle
interventions on obesity.

Authors, year Number Summary of inclusion and Physical Results
of exclusion criteria activity
studies
Peirsonetal, 68 RCTs Subjects: BMI 225 kg/m?, No detailed  The exercise intervention: -1.49 kg
2014 [6] <40 kg/m? description  The diet plus exercise intervention:
Study duration: no restrictions -3.83kg
Outcomes: changes in weight, Behavioral intervention: TC
WC and BMI -0.10 mmol/L, LDL-C -0.14 mmol/L,
Language: English or French FBG -0.14 mmol/L, SBP -1.76 mmHg,
Surgical treatments were DBP -1.60 mmHg
excluded The incidence of type 2 diabetes|
No significant differences between
behavioral and pharmacologic
interventions for obesity were found
Dombrowski 45 RCTs  Subjects: BMI 230 kg/m? weight Walking The initial weight loss treatment:
etal, 2014 [8] loss >5% of body weight at Exercise -10.8 kg
baseline within 24 months classes Extended behavioral/lifestyle

Study duration: 212 months
Outcomes: weight change during
the weight loss phase and
maintenance treatment period
Language: any language
Surgical treatments and
alternative interventions were

excluded

management: —1.56 kg at 12 months,
-1.96 kg at 18 months, and -1.48 kg at
24 months

No evidence of effectiveness for
physical activity interventions and
adding aerobic exercise

or physical activity such to a

dietary intervention
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Authors, year Number Summary of inclusion and Physical Results
of exclusion criteria activity
studies

Subjects with mental disorders

were excluded

Johansson 20 RCTs Subjects: treatment with a Resistance ~ The weighted mean difference was
etal., 2014 [9] very-low-calorie diet training 1.6 kg with 8 months of maintenance
(<800 kcal/day) or Walking phase duration
low-calorie diet (<1000 kcal/day) Arthritis- The weighted mean difference was
Study duration: no restrictions adapted knee —0.7 kg if the unsupervised follow-up
Outcomes: weight change during  exercises was included in the analysis

the calorie restriction phase and
the weight-loss maintenance phase

Language: English

RCT, randomized controlled trial; BMI, body mass index; WC, waist circumference; TC, total cholesterol; LDL-C, low-
density lipoprotein cholesterol; FBG, fasting blood glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table 1. Systematic reviews and meta-analyses investigating the effects of lifestyle interventions on obesity.

3.2. Diet or exercise: comparing the effectiveness of management option for obesity

Which then is more effective for long-term weight loss, diet or exercise? There are four
systematic reviews of RCTs to assess the effect of weight loss method on long-term change in
weight and CVD risk factors. Schwingshackl et al. [15] compared the long-term effectiveness
of (1) diet plus exercise vs. diet, (2) diet plus exercise vs. exercise, and (3) diet vs. exercise in
overweight or obese individuals. Twenty one RCTs met the criteria and were analyzed. The
mean age and BMI of subjects varied from 35 to 70 years and from 25.6 to 38.2 kg/m? respec-
tively. Among eligible trials, 17 trials compared diet plus exercise vs. diet, 11 trials compared
diet plus exercise vs. exercise, and 14 trials directly compared diet vs. exercise. Exercise
interventions include aerobic exercise (walking, jogging, circuit training) and resistance
training with the intensity of 50-85% of maximal heart rate. The weighted mean differences in
change of body weight (—1.38 kg), waist circumference (-1.68 cm), waist-to-hip ratio (-0.01 U),
and fat mass (-1.65 kg) were more significant in diet plus exercise group than in diet only
group. The diet plus exercise group also had a more significant increase in cardiorespiratory
fitness represented by maximal oxygen uptake (VO,max) (3.61 mL/kg/min) and HDL-C
(1.62 mg/dL), and a decrease in TG (-10.08 mg/dL) and diastolic blood pressure (-1.2 mmHg).
When comparing diet plus exercise group with exercise only group, body weight (-4.13 kg),
waist circumference (-3 cm), waist-to-hip ratio (-0.01 U), and fat mass (-3.6 kg) had more
distinctive reductions in diet plus exercise group than in exercise only group. The weighted
mean difference in change of VO,max (2.13 mL/kg/min) was larger in diet plus exercise group.
TC (-11.36 mg/dL), LDL-C (-10.03 mg/dL), systolic blood pressure (-2.84 mmHg), and diastolic
blood pressure (-2.06 mmHg) changed more substantially by diet plus exercise interventions
compared with exercise only interventions. Direct comparison between the effectiveness of
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diet and exercise revealed that diet interventions were more effective for reductions in body
weight (-2.93 kg), fat mass (2.2 kg), HDL-C (-0.96 mg/dL), and systolic blood pressure
(-2.19 mmHg). However, the significant difference in change of cardiorespiratory fitness was
not observed. This systematic review found that a combination of diet and exercise interven-
tion was more effective in improving obesity-related anthropometric parameters, lipid profile,
and blood pressure. Exercise is less effective for improving obesity than diet. However, the
authors could not conclude which treatment is more effective for HDL-C. Washburn et al. [16]
compared the effect of energy restriction, aerobic and resistance exercise, and various combi-
nations of them on long-term (=12 months) weight loss and metabolic parameters. A total of
20 studies were included in quantitative synthesis. Seven studies were selected for the review
of the effectiveness of diet vs. exercise. Aerobic exercise included various modes such as
walking/jogging, treadmill or cycle ergometer, and Nordic Track exercise machine. When
subjects were engaged in exercise, two trials were supervised, two trials were partially
supervised, and three trials were not supervised. Exercise intensity, frequency, and duration
were also various. The median age and BMI for exercise groups were 58.1 years and
28.9 kg/m?, respectively. The median weight loss for five out of seven trials with long-term
comparisons was 7.2% in diet groups and 2.4% in exercise groups. Waist circumference
reduced by 1.9 cm in exercise groups and 3.7 cm in diet groups. The median long-term change
in fat mass was -6.1 kg by diet interventions and -0.6 kg by aerobic exercise interventions. A
long-term trial evaluated the change in metabolic parameters such as lipid profile and blood
pressure; however, no significant differences between groups were reported. Three trials
provided data on weight change in follow-up periods of 6 months, 12 months, and 18 months.
Briefly, weight regains in the diet and exercise groups were 77 and 148% of their weight loss,
respectively. Diet tends to be more effective for long-term weight loss than exercise. Adding
aerobic exercise to diet results in greater weight loss than diet alone. However, in most trials
of exercise for obesity, the exercise intensity, frequency, and duration is not well-controlled and
physical activity level is not accurately measured, prescribed exercise level is also insufficient
for significant weight loss [17]. Therefore, exercise protocol should probably be standardized
to perform “head-to-head” comparison of diet vs. exercise in obesity. For example, energy
expenditure by exercise should be objectively measured (e.g., using accelerometry or doubly
labeled water method) to match the energy deficit by diet interventions.

Johns et al. [18] examined the effectiveness of combined behavioral weight management
programs in comparison with diet only or physical activity only programs on weight loss.
Eight studies were included in the analysis, four of which included both diet only and physical
activity only arms. Seven studies compared a combined program with diet only intervention,
and five studies compared a combined program with physical activity intervention. The mean
age and BMI of subjects ranged from 32 to 70 years and from 29.2 to 37.3 kg/m? respectively.
As is common in clinical studies investigating weight change, there were more female subjects
than male subjects. Physical activity interventions were various; however, most studies
advised moderate to vigorous intensity physical activity (e.g., brisk walking, using upstairs,
step aerobics) three to five times per week. Seven studies had supervised exercise sessions, and
two studies performed resistance training as well as aerobic exercise. Weight loss at 3—6 months
was significantly higher in combined programs than in physical activity alone interventions
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(mean difference =-5.33 kg) Weight loss at 12 months was also higher in combined programs
than in physical activity alone interventions (mean difference = —6.29 kg). Measurement of
physical activity was reported in four trials; step count, VO,max, and a 400 m walking time.
No significant differences in the improvement of physical activity were reported in two studies;
however, one trial reported an increase of step count, and the other reported a greater
improvement in VO,max by combined behavioral weight management programs compared
with physical activity alone interventions. Weight management by physical activity alone is
less effective than combined weight management programs in both short- and long-term.
Miller et al. [19] investigated the specific effects of exercise on physical function, fitness, and
body composition in obesity during diet interventions alone than the combination of diet and
exercise interventions. Fourteen studies were included in this systematic review. The mean age
and BMI of subjects across all trials ranged from 37 to 75 years and 31 to 37 kg/m?, respectively.
Ten studies included older individuals and postmenopausal women. The duration of trials
ranged from 3 to 12 months. Exercise interventions included aerobic exercise, resistance
training, or both of them. Aerobic exercise was mostly performed at moderate to vigorous
intensities (65-85% maximum heart rate) and for 90-225 minutes per week. Resistance training
was typically performed 2-3 sets of 8-12 repetitions at approximately 65-85% of one repetition
maximum. All aerobic exercise groups showed a significant improvement in VO,max than in
energy restriction alone. All exercise interventions demonstrated improvement in upper and/
or lower extremity muscle strength. On the other hand, all energy restriction groups showed
no significant change or decrease in muscle strength following weight loss. Fat mass loss
between diet alone groups and diet plus exercise groups was not different in the studies that
showed similar weight loss. The lean mass loss in diet alone groups and diet plus exercise
groups ranged from 0.4+ 1.0 kg to 4.1 +1.9 kg and from 0.5+ 1.1 kg to 3.4 + 2.0 kg, respectively.
Six trials reported that skeletal muscle mass loss was smaller in diet plus exercise groups than
that in diet alone groups. Adding exercise to energy restriction for obese individuals has
beneficial effects for physical fitness and body composition. Exercise is crucial for lifestyle
modifications in the improvement of cardiorespiratory fitness and body composition in obese
individuals. Table 2 summarizes published systematic reviews that compared the effective-
ness of diet with exercise.

Authors, year ~ Number Summary of inclusion and Exercise Results
of exclusion criteria
studies
Schwingshackl 21 RCTs  Subjects: BMI 225 kg/m? Partly supervised Diet + exercise vs. diet: BW
etal., 2014 [15] Study duration: 212 months  Aerobic exercise -1.38 kg, WC -1.68 cm, WHR
Outcomes: BW, WC, WHR,  (jogging, walking, -0.01 U, FM -1.65 kg, HDL-C
FM, TC, LDL-C, HDL-C, flexibility, 1.62 mg/dL, TG -10.08 mg/dL,
TG, SBP, DBP, VO,max circuit training) DBP -1.2 mmHg, VO,max
Language: no restrictions Resistance training 3.61 mL/kg/min
Participants with coronary ~ 50-85% of maximal Diet + exercise vs. exercise: BW
heart disease were heart rate -4.13 kg, WC -3 cm, WHR

excluded -0.01U, FM -3.6 kg, TC
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Authors, year ~ Number Summary of inclusion and Exercise Results
of exclusion criteria
studies
-11.36 mg/dL, LDL-C
-10.03 mg/dL, SBP
-2.84 mmHg, DBP
-2.06 mmHg, VO,max
2.13 mL/kg/min
Diet vs. exercise: BW -2.93 kg,
FM -2.2 kg, HDL-C
-0.96 mg/dL, SBP -2.19 mmHg
Washburn etal, 20RCTs  Subjects: BMI 225 kg/m?, Aerobic exercise: Diet vs. exercise: weight loss
2014 [16] age ranged from 18 to 65 walking/jogging, 7.2% vs. 2.4%, WC -1.9 cm vs.
years Study duration: treadmill or cycle -3.7, FM -6.1 kg vs. -0.6,
>6 months Outcomes: ergometer, and Nordic weight regain 77% vs. 148%
BW, body composition, TC, Track exercise machine
HDL-C, LDL-C, TG, insulin,
glucose, HbAlc, blood
pressure Language: English
Johns et al., 8RCTs  Subjects: BMI 225 kg/m?, Moderate to vigorous BWMPs vs. physical activity
2014 [18] BMI 22 kg/m? in Asian intensity physical alone: mean difference -5.33 kg
populations Study activity (e.g., brisk at 3-6 months, -6.29 kg at
duration: 212 months walking, using upstairs, 12 months
Outcomes: weight change  step aerobics) three to five
Language: any language times per week.
Studies in pregnant women, Supervised sessions
participants with eating Two studies performed
disorders, and specific resistance training as well
diseases were excluded as aerobic exercise
Miller et al., 14RCTs  Subjects: BMI 230 kg/m? Aerobic exercise: at Exercise: VO,max?, extremity
2013 [19] Study duration: no moderate to vigorous muscle strength?

description Outcomes:
body composition

(by DXA and MRI),
cardio-respiratory fitness

Language: English

intensities and for 90—
225 minutes per week
Resistance training: 2-3
sets of 8-12 repetitions
at approximately 65-85%
of one repetition

maximum

Energy restriction: VO,max—
Skeletal muscle mass loss was
smaller in diet plus exercise

groups than that in diet alone

groups

RCT, randomized controlled trial; BMI, body mass index; BW, body weight; WC, waist circumference; WHR, waist-to-
hip ratio; FM, fat mass; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood glucose;
HbA1lc, hemoglobin Alc; SBP, systolic blood pressure; DBP, diastolic blood pressure; BWMP, behavioral weight
management program; DXA, dual-energy X-ray absorptiometry; MRI, magnetic resonance imaging.

Table 2. Systematic reviews and meta-analyses comparing the effects of exercise interventions with diet interventions

on obesity.
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3.3. The effect of isolated exercise on obesity

There are two systematic reviews evaluating the effects of isolated exercise on weight loss and
lipid profile. Kuhle et al. [20] conducted a systematic review and meta-analysis to appraise the
evidence regarding the effect of aerobic exercise and/or resistance training on body composi-
tion and serum lipids in older individuals. Nine RCTs were included in the analysis. Studies
enrolling patients with diabetes, cognitive impairment, and cardiovascular disease were
excluded. The mean age ranged between 60 + 1.6 years and 80.8 + 4.7 years. Aerobic exercise
with moderate to vigorous intensity based on 50-80% of maximal heart rate and resistance
training with an increase in weight load depending on individuals’ muscle strength were
performed. Exercise significantly reduced BMI (-1.01 kg/m? and waist circumference
(-3.09 cm). However, exercise did not statistically change LDL-C levels in older subjects. In
addition, data on TG and HDL-C were insufficient for analysis. This review is notable for
focusing on the effect of exercise on obesity in individuals over the age of 60 years. Sarcopenic
obesity, which is defined as the age-related decrease in muscle mass and increase in fat mass
[21], increase the risk of mortality as well as disability [21, 22]. Sarcopenic obesity is an
important issue for countries in which society is aging. Losing weight without loss of lean body
mass will not be achieved by only exercise. Exercise programs in combination with dietary
interventions such as protein supplements will be required to combat sarcopenic obesity in
older individuals.

Thorogood et al. [23] evaluated the isolated efficacy of aerobic exercise (without energy
restriction) programs on weight loss in overweight and obese individuals. Six trials met the
inclusion/exclusion criteria of their review. The mean age of subjects ranged from 19 to 72 years.
The mean BMI of subjects was unclear because three trials did not report baseline BMI. Exercise
included various modes such as walking, jogging, cycle ergometer, aerobics, mini-trampoline,
and rowing ergometer. Exercise was performed with the intensity of 40-85% maximum heart
rate and 40-70% VO,max. Exercise durations were 120-240 minutes per week. The mean
difference of weight between the exercise groups and the control groups ranged from 0.8 to
-2.5 kg. Two studies reported weight gain in the exercise groups (0.5 kg and 0.6 kg, respec-
tively). However, the exercise groups had significant weight loss in all 6- and 12-month exercise
programs. Additionally, exercise was beneficial for waist circumference reduction in all 6- and
12-month exercise interventions. Five studies reported a significant decrease in systolic and
diastolic blood pressure, and the mean differences ranged from -1.7 to -5.6 mmHg and -0.8
to -3.0 mmHg, respectively. Four out of six trials reported a decrease in TC levels (-1.6 to
-18.2 mg/dL), and five trials also reported a decrease in TG levels (-8.9 to -36.5 mg/dL) by
aerobic exercise. Pooled analysis revealed that 6- and 12-month aerobic exercise programs were
associated with a decrease in weight (1.6 kg and -1.7 kg, respectively), a reduction in waist
circumference (-2.12 cm and -1.95 cm, respectively). At 6 months, aerobic exercise programs
had beneficial effects on blood pressure and TC; however, the number of studies was insulffi-
cient for performing pooled analysis at 12 months. This systematic review shows that 6-12
month moderate-intensity aerobic exercise programs have modest benefits to obesity, but
isolated aerobic exercise is not sufficiently effective for weight loss. The authors recommend
that exercise therapy be performed in conjunction with diet therapy to improve obesity.
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3.4. Comparison of the effectiveness for obesity between aerobic exercise and resistance
training

One systematic review directly compared the effectiveness of aerobic exercise and resistance
training for visceral adipose tissue [24]. A total of 35 studies met the eligibility criteria. The
mean age of subjects ranged from 28 to 83 years. Eighteen studies had obese subjects, 15 had
overweight subjects, and study participants of two studies were within normal weight. The
most common mode of aerobic exercise was cycle ergometer, and resistance training on a
weight machine was most commonly prescribed. The intensity of aerobic exercise ranged from
40 to 55% (expressed as a percentage of maximum heart rate or VO,peak) in initial weeks,
which progressed to 60-90% in the final week. The most common intensity of aerobic exercise
was moderate intensity: 60-75% of maximal heart rate. The intensity of resistance training
expressed as one repetition maximum ranged from 30 to 100%. The frequency of aerobic
exercise was commonly 3-5 days per week. The frequency of resistance training was commonly
2-3 days per week. Six studies combined aerobic exercise and resistance training. We should
have a particular concern about dietary intake during the study period. Indeed, diet was not
controlled in ten studies, and eight studies did not report on diet. When compared aerobic
exercise therapy with control, a significant pooled effect size (ES) was found (ES =-0.33; 95%
CI, -0.52 to —0.14, p < 0.01). However, the pooled ES for progressive resistance training therapy
when compared with control was not significant (ES = 0.09: 95% CI, -0.17 to 0.36, p = 0.49).
Heterogeneity among studies was observed in both analyses. The pooled ES for the comparison
between aerobic exercise and resistance training therapy did not reach statistical significance,
which tended to favor aerobic exercise (ES = 0.23; 95% CI, -0.02 to 0.50, p = 0.07). Moreover, the
combined aerobic exercise and resistance training therapy was not significantly effective for
reducing visceral fat tissue compared with control. This review suggests that not resistance
training but aerobic exercise is relatively effective for improving visceral fat obesity; however,
exercise intervention alone is insufficient for ameliorating obesity.

3.5. The effect of weight loss on glycemic control and the prevention of obesity

Franz et al. [25] investigated the effect of lifestyle weight-loss interventions on glycemic control
in overweight and obese patients with type 2 diabetes. A total of 11 trials were eligible for meta-
analysis. The mean weight at baseline with weight loss <5% and >5% were 98.4 kg and 99.9 kg,
respectively. Unfortunately, only three weight-loss intervention trials [26-28] measured and
reported physical activity (goal setting: 175 minutes per week of physical activity), although
physical activity was recommended as a lifestyle intervention. The effect of physical activity
on glycemic control in obese patients with type 2 diabetes was not described in this review.
Moreover, no significant beneficial effects on hemoglobin Alc (HbA1lc), lipid profile, and blood
pressure were reported by this meta-analysis. However, two trials that included regular
physical activity intervention and frequent contact with health professionals reported
beneficial effects on HbAlc, lipid profile, and blood pressure. The Mediterranean-style diet
study group in newly diagnosed patients with type 2 diabetes reported a decrease in HbAlc
0f1.2%, TC 0f 15.1 mg/dL, TG of 39.0 mg/dL, systolic blood pressure of 2.3 mmHg, and diastolic
blood pressure of 4.0 mmHg, and an increase in HDL-C of 3.9 mg/dL [28]. The intensive
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lifestyle intervention in the LooK AHEAD trial reported a decrease in HbAlc of 0.6%, LDL-C
of 4.4 mg/dL, TG of 29.3 mg/dL, systolic blood pressure of 9.9 mmHg, and diastolic blood
pressure of 3.1 mmHg, and an increase in HDL-C of 3.4 mg/dL [26, 29]. This review concluded
that over 5% of weight loss is necessary for beneficial effects on glycemic control, lipid profile,
and blood pressure. Not only energy restriction but energy expenditure, namely regular
physical activity, is essential for improving metabolic diseases in obese patients with type 2
diabetes.

Considering that the number of obese individuals is rapidly increasing, the prevention of
weight gain in non-obese individuals is also important. Hebden et al. [30] reviewed RCTs of
lifestyle interventions for preventing weight gain among healthy young (18-35 years) indi-
viduals. This systematic review excluded interventions for obese subjects (BMI > 30 kg/m?)
because such subjects did not represent the general population. Eight studies were included
in the analysis. The average BMI of subjects at baseline was <30 kg/m?. Lifestyle interventions
consisted of face to face or group sessions for weight control, dietary counseling, physical
activity recommendations, and feedback by using the internet. Three out of eight studies
performed supervised exercise sessions such as treadmill walking, resistance training, and
walking/running measured by pedometer. Although the independent effect of physical
activity on preventing weight gain was not described, the combined weighted mean weight
change in lifestyle intervention subjects and controls were -0.87 kg and +0.86 kg, respectively.
Interventions for longer than 4 months were associated with greater weight loss. However, the
authors stated that the effectiveness of lifestyle intervention for preventing weight gain in
young individuals was unclear because of the small number of subjects, short duration, and
large heterogeneity of the studies. Further large-scale RCTs with standard lifestyle intervention
methods are warranted to reveal the effect of lifestyle modification for preventing obesity.

4. Non-exercise activity thermogenesis (NEAT) and obesity

Many previous studies have shown that sedentary lifestyle and daily physical inactivity
contribute to obesity [31-35]. A recent systematic review and meta-analysis showed that
obesity was associated with higher all-cause mortality than normal weight [36], and physi-
cal inactivity is a crucial problem for the prevention and treatment of obesity. Increasing
energy expenditure in daily life is essential. NEAT is the main determinant of variability in
total daily energy expenditure [37]. It is defined as the energy expenditure due to physical
activities besides volitional exercise and includes various activities in daily life such as walk-
ing for pleasure, going to work, gardening, doing housework, singing, and dancing [38].
NEAT covers a wide range of intensity that at times reaches to the recommended level for
obese individuals [39]. The energy expenditure by sitting and watching television is no
more than 9 kcal per hour, but gardening and cleaning reach higher levels of energy expen-
diture; 100-150 kcal per hour and 500 kcal/day, respectively [40]. Steeves et al. [41] conduct-
ed a randomized controlled pilot study to examine the 6-month effects of two interventions;
stepping in house during TV commercials vs. walking 30 minutes per day in sedentary and
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obese individuals. Although no significant difference between groups were observed, daily
steps increased, and time of TV viewing, dietary intake, body fat percentage, waist and hip
circumference significantly decreased after both interventions. Only stepping during watch-
ing TV could be a feasible approach for improving obesity. In the modern world, walking in
a break during work is effective for weight loss. Levine and Miller [42] investigated whether
the change of work environment affect individuals’ energy expenditure at workplace. The
vertical workstation that allows obese workers to use a personal computer while walking on
a treadmill was established. The mean energy expenditure while walking at workplace was
191 kcal per hour, which was significantly higher than energy expenditure while seated at
work (72 kcal per hour). This amount of energy expenditure could be equal to a weight loss
of 20-30 kg per year. Furthermore, they assessed the effect of using an office-place stepping
device housed under a desk on workers” energy expenditure [43]. The mean increase of en-
ergy expenditure in obese office workers was 335 kcal per hour, which could be equal to a
weight loss of 20 kg per year. Changing living environments to change sedentary behavior
will increase NEAT and decrease body weight. Each NEAT is small; however, “Many a little
makes a mickle.” To increase NEAT should be effective for improving obesity (Figure 1).
NEAT is intricately regulated by endocrine, genetic, and sociological factors [39]. Sarcolipin
[44] and ventromedial hypothalamic melanocortin receptor [45] have been of current inter-
est as new mediators of NEAT. Sarcolipin, which consists of 31 amino acids and is highly
expressed in skeletal muscle, plays a role in energy expenditure. Sopariwala et al. [44]
showed that sarcolipin overexpression mice are more resistant to fatigue and more physical-
ly active compared with wild type. This newly identified regulator may increase non-shiver-
ing thermogenesis in humans [45] and could be effective to increase energy expenditure and
control weight gain in obese individuals [46]. The ventromedial hypothalamus also has an
important role in regulating energy balance, and the brain melanocortin system not only
decreases appetite but increases physical activity [45, 47]. Gavini et al. [48] showed that in-
tra-ventromedial hypothalamus melanocortin receptor activation increased physical activity
and induced the elevation of mRNA expression of mediators of energy expenditure such as
uncoupling proteins, peroxisome proliferator-activated receptors, peroxisome proliferator-
activated receptor gamma coactivator 1-a, and AMP-activated protein kinase. Modulating
melanocortin receptors in the ventromedial hypothalamus may contribute to increase of
NEAT. Identifying such novel mechanisms to increase energy expenditure is expected to be
applied in the treatment of obesity. Moreover, the significant associations of NEAT with
metabolic diseases such as type 2 diabetes, hypertension, and dyslipidemia have been iden-
tified [49-53]. NEAT intervention in addition to structured exercise prescription certainly
improves obesity and metabolic diseases. To elucidate the effectiveness of NEAT for meta-
bolic diseases, and further CVD, as well as obesity, well-designed longitudinal studies in
humans are warranted. On the other hand, how to measure NEAT accurately under free-
living (accelerometry, doubly labeled water method, or a completely new method?) and
how to intervene NEAT (recommendation or supervised program?) are still unknown. The
development of measurement and intervention method of NEAT will be needed to conduct
such clinical studies.
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Physical activity

O Volitional exercise
® Aerobic exercise
®Resistance training

O NEAT

® Work

® Housework
® Gardening
Pharmacological treatment @ Others

® Anti-obesity drugs
(e.g., Metformin, Orlistat, Exenatide, Phentermine/topiramate)
@ Bariatric surgery

Figure 1. Obesity is treated with diet, physical activity, and pharmacologic therapy. Diet appears to be more effective
for treating obesity than physical activity; therefore, physical activity intervention should be combined with dietary
intervention in the management of obesity. Non-exercise activity thermogenesis (NEAT) beyond structured exercise
may play a pivotal role in weight loss in obese individuals.

5. Conclusions

Exercise interventions are essential for the management of obesity. However, exercise alone is
not sufficient for long-term weight loss and improving CVD risk factors. Diet seems to be more
effective for treating obesity than exercise. On the other hand, exercise improves cardiores-
piratory fitness and skeletal muscle fitness, which leads to prevent sarcopenic obesity in the
elderly. Exercise therapy should be performed in conjunction with diet therapy to improve
obesity. Although a number of systematic reviews have been conducted to assess the effec-
tiveness of exercise for obesity, small number of subjects, short duration, and the heterogeneity
of exercise modes between clinical studies makes it difficult to conclude. The optimal intensity,
frequency, and duration of exercise to improve obesity and its comorbidities are not fully
elucidated. In addition, NEAT is the main determinant of variability in daily energy expendi-
ture, which considerably contributes to weight change in humans. The current evidence
regarding NEAT is limited, but NEAT plays an important role for treating obesity. To my
knowledge, there are no clinical studies which include “NEAT only” interventions besides
volitional physical activity to investigate the effects of NEAT on obesity and metabolic diseases.
This is a challenge for the future.
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Abstract

Childhood obesity represents the most relevant nutritional disorder in our environment.
This study examines the prevalence of metabolic syndrome in an obese pediatric
population and its relation to serum leptin concentrations. A cross-sectional clinical and
metabolic study was accomplished in a group of 106 obese children (47 males and 59
females). Patients were classified into prepubertal group (Tanner stage I) and pubertal
group (Tanner stages II-V). Prevalence of insulin resistance [homeostasis model
assessment (HOMA)], hypertriglyceridemia, low high-density lipoprotein (HDL) and
arterial hypertension (HTA) was 38.7, 45.3, 28.3 and 33.8%, respectively. Metabolic
syndrome prevalence (30.2%) was significantly higher in the pubertal group (38%) than
the prepubertal group (23.2%). There was a positive correlation between leptin and body
mass index (BMI) (r = 0.529), leptin and HOMA indexes (r = 0.562) and leptin and
triglycerides (r = 0.314). In addition, there was a positive correlation between HOMA
indexes and triglycerides (r = 0.596). Clinical and metabolic disorders associated with
obesity and related to the so-called metabolic syndrome are already present in pediatric
population. Leptin could play an important role in the etiopathogenesis of the metabolic
syndrome.

Keywords: childhood obesity, insulin resistance, leptin, metabolic syndrome, trigly-
cerides, blood pressure
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1. Introduction

Childhood obesity represents the most relevant nutritional disorder in our environment [1, 2].
It usually initiates at early stages in life, when child feeding depends —almost exclusively —on
feeding habits and preferences in a family setting; it is subsequently exacerbated (by the time
of school attendance and/or adolescence), probably in relation to the adoption of unhealthy

feeding habits and lifestyle [3, 4].

Study Excess Hypertension Dyslipidemia Abnormal glucose
adiposity homeostasis

Cook et al. WC >90th SBP or DBP >90th Triglycerides > 110 mg/dl or Fasting glucose > 110 mg/dl

[12] percentile percentile HDL-chol <40 mg/dl

De Ferranti et WC > 75th SBP > 90th percentile Triglycerides > 100 mg/dl Fasting glucose > 110 mg/dl

al. [13] percentile HDL-chol <50 mg/dl

Weiss et al. [14]BMI > 97th SBP > 95th percentile Triglycerides > 95th percentile ~ OGTT: glucose at 120 min

percentile or HDL-chol < 5th percentile >140 and <200 mg/dl

Cruz et al. WC >90th SBP or DBP > 90th Triglycerides > 90th percentile ~ OGTT: glucose at 120 min

[15] percentile percentile or HDL-C < 10th percentile >140 and <200 mg/dl

Vineretal. ~ BMI > 95th SBP > 95th percentile Triglycerides > 150 mg/dl or Fasting glucose > 110 mg/dl or

[16] percentile HDL-chol <35 mg/dl or OGTT: glucose >140 and <200

total-chol > 95th percentile at 2 h or fasting insulin 215

mU/L (prepubertal) or 230
(pubertal)

Ford et al. WC >90th SBP or DBP > 90th Triglycerides > 110 mg/dl Fasting glucose > 110 mg/dl

[17] percentile percentile or HDL-chol <40 mg/dl

Lambert et al. BMI > 85th SBP > 75th percentile Triglycerides > 90th percentile  Fasting glucose > 110 mg/dl or

[18] percentile or HDL-C < 10th percentile fasting insulin > 75th
percentile

Zimmet etal. WC2>90th SBP >130 or Triglycerides > 75th percentile  Fasting glucose > 110 mg/dl

[19] percentile DBP>85 mmHg  or HDL-chol < 25th percentile

WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-
chol, high-density lipoprotein cholesterol; OGTT, oral glucose tolerance test.

Table 1. Criteria for the diagnosis of the pediatric metabolic syndrome (all definitions considered a child as having the
metabolic syndrome when three or more of the following characteristics were present).

Additional studies—except for uncommon situations such as endocrine, genetic or metabolic
pathologies, which justify excess body weight—are used for the diagnosis and/or early
detection of metabolic complications and, particularly, the metabolic syndrome. This syn-
drome is characterized by a cluster of symptoms associated with obesity, such as insulin
resistance, arterial hypertension (HTA) and dyslipidemia, and its interest lies in the high
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predictive value for cardiovascular disease and type 2 diabetes in adulthood, especially when
it is already present in school children and/or adolescents [5-11].

In the pediatric age, there are no clearly defined parameters for its diagnosis, being several
different criteria proposed [12-19] (Table 1) on the basis of an extrapolation from clinical guides
of adult populations: WHO [20], the National Cholesterol Education Program’s Adult Treat-
ment Panel IIT [21], the European Group for the Study of Insulin Resistance [22] and the
International Diabetes Federation (IDF) [23]; this would explain the disparity in published data
with respect to the applied criteria [12-16]. Even when the International Diabetes Federation
(IDF) refers to the inability for diagnosis in school age, epidemiological data allow suspecting
that metabolic syndrome or its components are already present at early stages [23-29].

Leptin is an adipocytokine that, in addition to multiple neuroendocrine functions, has a role
in the regulation of energy balance as well as in carbohydrate and lipid metabolism and arterial
pressure regulation. In this way, many authors have suggested that leptin might be involved
in the etiopathogenesis of metabolic syndrome [30-32].

The aim of this work is to determine the prevalence of metabolic syndrome and its relation to
serum leptin concentrations in a group of obese pediatric population.

2. Methods

2.1. Patients

A clinical assessment and metabolic study was accomplished in all patients diagnosed with
obesity who attended follow-up consultation within the year 2014. Clinical evaluation was
conducted in one of the three offices of the Pediatric Endocrinology Unit of the Navarra
Hospital Complex. Pubertal stage was determined in each patient according to Tanner’s
criteria, and patients were classified into two different groups: prepubertal group (Tanner stage
I) and pubertal group (Tanner stages II-V).

All those patients with personal history of endocrine disease, malformation syndromes or
iatrogenic obesity (drug treatments) were excluded.

The metabolic syndrome was defined by modified Cook’s criteria [12] as the manifestation of
atleast three of the following features: low HDL-cholesterol (<40 mg/dl), hypertriglyceridemia
(TG > 110 mg/dl), obesity, arterial hypertension and insulin resistance.

2.2. Clinical assessment

The assessment of weight and height was accomplished in underwear and barefoot. Weight
was measured using an Afio-Sayol scale, with a reading interval of 0-120 kg and precision 100
g, and height was measured using a Holtain wall stadiometer ranging 60-210 cm and precision
0.1 cm. Body mass index (BMI) was calculated according to the corresponding formula: weight
(kg)/height* (m). Values of Z score for BMI were calculated using a nutrition application
(Aplicaciéon Nutricional) program from the Spanish Society of Pediatric Gastroenterology,
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Hepatology and Nutrition (available at http://www.gastroinf.es/nutritional/). The inclusion
criterion was BMI (Z score) values exceeding +2.0 (97th percentile) by age and sex according
to the growing charts from Ferrandez et al. (Centro Andrea Prader, Zaragoza 2002) [33].

Blood pressure (BP) was measured in the right arm with the patient in the supine position
using Visomat comfort 20/40 (Roche Diagnostics Inc.) digital blood pressure monitor, record-
ing the lowest of three measurements. Arterial hypertension (HTA) was considered when
systolic blood pressure (SBP) and/or diastolic blood pressure (DBP) was equal to or higher
than 95th percentile by age, sex and height from the American reference charts (National high
blood pressure Program in Children and Adolescents) [34].

The institutionalized program for Child Care in the Community of Navarre (Comunidad Foral
de Navarra, Spain) includes periodic health examinations at ages 1, 2, 3, 4, 6, 8, 10 and 12 years.
The anthropometric measurements (weight and height) are recorded in the corresponding
clinical history. This record has allowed the registration of the age of onset for obesity and the
time of evolution at the moment of the examination.

2.3. Metabolic study

Plasma concentrations for glucose, insulin, triglycerides, total cholesterol (total-chol), high-
density lipoprotein cholesterol (HDL-chol), low-density lipoprotein cholesterol (LDL-chol)
and leptin were measured under basal fasting conditions using standardized methodologies.

In order to determine insulin resistance, the homeostasis model-assessment (HOMA) indexes
were calculated from fasting glucose and insulin concentrations (glucose levels in mmol x
insulin in pUmI/L/22.5). Insulin resistance was considered when HOMA value was equal to
or higher than 3.8 [35].

2.4. Statistical analysis

Results are displayed as percentages (%) and means (M) with corresponding standard
deviations (SDS). Statistical analysis (descriptive statistics, Student’s T, chi-square test and
Pearson’s correlation) was done using the Statistical Packages for the Social Sciences version
20.0 (Chicago, IL, USA). Statistical significance was assumed when p value was lower than 0.05.

Parents and/or legal guardians were informed and provided verbal consent for the participa-
tion in this study in all cases. The study was approved by the Ethics Committee for Human
Investigation at our institution.

3. Results

The sample of patients consisted of 106 patients (47 males and 59 females). The prepubertal
group included 56 patients (22 males and 34 females) and the pubertal group included 50
patients (25 males and 25 females).
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Clinical data Prepubertal group Pubertal group Total

Age of onset (years)

Males 3.50+1.75 5.10 £3.22" 4.35+273
Females 3.38+1.36 7.89 £3.56" 5.29 +3.37
Total 343151 6.50 +3.65" 4.88+3.12
Age at examination (years)

Males 8.78 +1.01 12.42 +1.43" 10.72£2.21
Females 8.55+1.26 13.22 +1.157 10.53 +2.62
Total 8.64+1.17 12.82 +1.35 10.61 +2.44
Evolution (years)

Males 527 +1.49 7.95+2.86 6.64 +2.64
Females 516+1.85 6.65+2.71 571+223
Total 521+1.71 7.35+2.84" 6.14+2.49
BMI (Z score)

Males 405+1.13 3.95+1.31" 4.00+1.21"
Females 3.55+1.27 2.60 +0.50" 3.14+1.117
Total 3.74+123 3.27+1.20° 352+1.23
Systolic BP (mmHg)

Males 113.68 +11.55 120.09 + 14.74 116.88 +13.48
Females 108.78 + 16.94 121.17 +16.10 113.96 + 17.56
Total 110.77 £ 15.05° 120.64 +15.29 115.26 +15.87
Diastolic BP (mmHg)

Males 67.22 1145 70.81 +17.08 69.02 +14.49
Females 67.59 +11.85 70.04 +12.27 68.61 +11.98
Total 67.44 +11.58 70.42 +14.65 68.79 +£13.08
‘p <0.05 among age groups.

“p <0.05 between sexes.

Table 2. Average values (M = SD) for the clinical features in both age groups according to sex.

Table 2 lists and compares the clinical features in both groups according to pubertal stage and
sex. Within the pubertal group, the average values for age of onset, age at examination, years
of evolution and systolic blood pressure were significantly higher (p < 0.05); within the

prepubertal group, BMI values (Z score) at examination were higher (p <0.05). There were no
statistically significant differences among the average values of diastolic blood pressure
between the different groups. The average BMI values (Z score) in the pubertal group were
significantly higher (p < 0.05) in males. Finally, within the pubertal group, the average values

for age of onset (obesity) were significantly lower (p < 0.05) in males.
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Biochemical data Prepubertal group Pubertal group Total
Glycemia (mg/dl)

Males 93.40 +10.58 92.92+10.18 93.14 +10.39
Females 89.12+7.55 90.16 + 8.87 89.56 + 8.08
Total 90.83+9.17 91.54 +9.55 91.17+9.31

Insulin (uU/ml)

Males 17.48 +14.58 18.22 +10.49 17.86 £12.52
Females 13.58 £9.70 23.82+15.58 17.57 £13.18
Total 15.14 £11.93" 20.89 +13.31 17.70 £12.82
HOMA

Males 3.50 +2.09 4.01+1.64" 3.77 +1.86"
Females 3.17+1.41 3.08+1.25" 3.13+1.34"
Total 3.30+1.70 3.54+1.52 3.42+1.61

Total-chol (mg/dl)

Males 165.04 +27.34 152.72 +21.77 158.48 + 25.05
Females 160.84 +27.18 157.32 £22.62 159.32 £25.17
Total 162.52 £ 27.07 155.02 £22.10 158.95 + 25.00

LDL-chol (mg/dl)

Males 93.50 +27.51 87.86 +21.26 90.62 + 24.40
Females 94.06 + 27.58 87.50 + 20.64 91.25 +24.85
Total 93.83 +27.29 87.68 +20.72 90.97 + 24.53

HDL-chol (mg/dl)

Males 51.90 +11.31 43.30 £8.57" 47.51+10.80
Females 49.48 +12.37 50.08 +9.93" 49.73 +11.32
Total 48.73 +9.76 47.25+9.01 48.75+11.09
Triglycerides (mg/dl)

Males 115.95 + 65.88 126.36 +45.59 121.48 + 55.62
Females 98.08 + 42.87 104.32 +42.08 100.72 +42.29
Total 105.10 + 53.27 115.34 +44.83 109.93 + 49.50
Leptin (ng/ml)

Males 30.14 +11.75 34.38 +17.01" 32.39 +14.78"
Females 29.11+12.43 24.66 +8.72" 27.22 £11.15"
Total 29.51+12.07 29.52 +14.25 29.51 +13.08

‘p <0.05 among age groups.
“p <0.05 between sexes.

Table 3. Average values (M + SD) for metabolic study in both age groups according to sex.
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Table 3 displays and compares the average values for the results of blood tests among the
different groups according to pubertal stage and sex. Within the pubertal group, average
values for insulin were significantly higher (p <0.05) than the prepubertal group. The average
values for HDL-chol within the pubertal group were significantly higher (p <0.05) in females,
and the average values for HOMA and leptin within the pubertal group were significantly
higher (p < 0.05) in males.

There was a significant positive correlation (p < 0.05) between leptin plasma levels and BMI
values (r = 0.529; Figure 1). In addition, there was a significant positive correlation between
leptin plasma levels and HOMA indexes (r = 0.562; Figure 2). There was also a significant
positive correlation (p < 0.05) between HOMA indexes and plasma concentrations of trigly-
cerides (r = 0.596; Figure 3) as well as with age at examination (r = 0.207). And there was also
a significant positive correlation (p < 0.05) between leptin plasma levels and plasma concen-
trations of triglycerides (r = 0.314; Figure 4).

Table 4 presents and compares the percentage values for the different clinical and metabolic
parameters used as constituents of the metabolic syndrome in both groups. The percentage of
patients who showed systolic blood pressure values higher than 95th percentile for the applied
reference was significantly higher in the pubertal group (p < 0.05). There were no statistically
significant differences among both groups regarding the percentage of patients who present
HOMA index values higher than 3.8, plasma triglycerides higher than 110 mg/dl, HDL-chol
values lower than 40 mg/dl and diastolic blood pressure values higher than 95th percentile for
the applied reference charts. Within the pubertal group, the metabolic syndrome prevalence
(38%) was significantly higher (p < 0.05) than the prepubertal group (23.2%).

|2 Lineal = 0,26C

80,004

60,007

Leptin

40,00

Figure 1. Leptin plasma levels (ng/ml) in relation to BMI (Z score).
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Figure 2. Leptin plasma levels (ng/ml) in relation to insulin resistance (HOMA).
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Figure 3. Triglycerides plasma concentrations (mg/dl) in relation to insulin resistance (HOMA).
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Figure 4. Triglycerides plasma concentrations (mg/dl) in relation to leptin plasma levels (ng/ml).

Diagnostic criteria Prepubertal group Pubertal group Total

1 (%) 1 (%) 1 (%)
HOMA >3.8 21 (37.5) 20 (40.0) 41 (38.7)
Triglycerides > 110 mg/dl 23 (41.1) 25 (50.0) 48 (45.3)
HDL-chol < 40 mg/dl 13 (23.6) 17 (36.2) 30 (28.3)
SBP > p95t 14 (25.9) 21 (46.7) 35 (33.8)
DBP > p95™* 9(16.7) 7 (15.6) 16 (15.1)
Metabolic syndrome” 13 (23.2) 19 (38) 32(30.2)

‘p <0.05 among age groups.

Table 4. Prevalence of the different diagnostic criteria of metabolic syndrome in both groups.

4, Discussion

The prevalence of metabolic syndrome within the whole sample was 30.2%, being significantly
higher in the pubertal group (38%) than the prepubertal group (23.2%). The comparison of
these results with those described by the other authors reveals that the prevalence found is
similar to references from Cook (28.7%) [12], De Ferranti (31.2%) [13], Weiss (38.7%) [14], Cruz
(30%) [15] and Viner (30%) [16] in obese United Kingdom or American children and adoles-
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cents, although slightly higher than references from Lopez-Capapé (18%) [25], Tapia (18.6%)
[27] and Olza (16.8%) [28] in Spanish obese pediatric population. Nevertheless, the contrast of
the rate of prevalence from different studies has a relative value, since the criteria applied are
different, and even different cut points for each component of metabolic syndrome are used
[26, 28].

This study follows Cook modified criteria (abdominal perimeter has been replaced by BMI in
the assessment of obesity, and fasting plasma glucose higher than 110 mg/dl has been replaced
by HOMA index higher than 3.8). These criteria have gradually acquired clinical relevance in
the assessment of metabolic syndrome in pediatric age and support from the scientific
community [12, 25, 27, 28, 31]; this allows, on one side, the achievement of comparisons among
the results of the different national and international studies and, on the other side, justifies its
use as reference diagnosis criteria in this work.

The IDF considers fat distribution and, concretely, central or visceral obesity —which is defined
by abdominal perimeter—as a “sine qua non” criterion for the diagnosis of metabolic syn-
drome due to its high predictive value for cardiovascular disease in adult life [36, 37]. However,
there is some controversy regarding the adequacy of its use as a main and/or necessary
diagnostic criterion [38]; in fact, recent studies conducted in pediatric population have used
both abdominal perimeter [12, 13, 15, 39] and BMI [14, 16, 18, 25] interchangeably. In this case,
the inclusion criterion was BMI value (Z-score) higher than +2.0 (97th percentile) by age and
sex according to the growing charts from Ferrandez et al. (Centro Andrea Prader, Zaragoza
2002) [33].

Insulin resistance, as several authors have highlighted [16, 25], has been a very frequently noted
metabolic disorder in the population studied. It is worth indicating that, when Reaven [40]
described the syndrome X, he considered insulin resistance as the determining pathophysio-
logical factor and, in fact, the WHO included it as main and necessary criterion in order to
diagnose the metabolic syndrome [20]. However, the diagnosed criteria subsequently pro-
posed by the National Cholesterol Education Programs Adult Treatment Program III [21] and
the IDF [23] opted for a “lipid centric” theory, with special focus on dyslipidemia and/or fat
distribution.

Even though several criteria have been used to evaluate peripheral insulin sensitivity and/or
alterations in glucose metabolism (fasting glucose, glycemia after an oral glucose tolerance test
(OGTT), fasting insulin levels, etc.), the use of a mathematical model called homeostasis model
assessment (HOMA) as a criterion for insulin resistance has been widely contrasted as an early
disorder in glucose homeostasis (hyperinsulinemia with euglycemia). In this case, despite the
application of a quite restrictive cut point [21], insulin resistance was already detected in 39%
of the patients included in the study. In addition, the existing correlation between the HOMA
indexes and the age of the patients at the moment of examination suggests that the onset of
this metabolic comorbidity associated with obesity is related to hormonal changes concomitant
with puberty rather than to the evolution time of obesity.

The situation of insulin resistance usually involves a disturbance in lipid profile by stimulating
lipolysis and, therefore, an increase in plasma exchange of fatty acids that, at the same time,
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stimulate the hepatic triglyceride synthesis. This explains its correlation with the HOMA index
of the patients. In addition, the concentration of low-density lipoproteins is usually in normal
range while the concentration of high-density lipoproteins is usually low, being this considered
as a side effect of hypertriglyceridemia [41-43]. Dyslipidemia observed in patients with insulin
resistance corresponded with the situation expected in this metabolic condition. Furthermore,
hyperinsulinemia causes water and sodium retention and activates the sympathetic nervous
system, contributing to the development of hypertension.

Leptin participates directly in the regulation of energy homeostasis through an anorectic effect
and an increase in thermogenesis. Plasma concentrations reflect the reserve of organic fat and
are considered as a predictive factor for insulin resistance [44]. This would explain, on one
hand, the existing correlation between plasma concentrations and BMI, and, on the other hand,
the correlation with the HOMA index in the patients included in this work. In addition, leptin
stimulates lipolysis in adipocytes and, consequently, contributes to dyslipidemia (there was a
correlation with leptin plasma levels and triglycerides); it also stimulates angiogenesis and/or
endothelial dysfunction and would explain, to a great extent, the development of hypertension,
which is frequently associated with obesity [30]. Instead, it has been reported that adiponectin
has a paradoxical effect. Adiponectin levels correlate negatively with insulin and triglyceride
concentrations and BMI and positively with insulin sensitivity and high-density lipoprotein
levels. Adiponectin increases fatty acid combustion and decreases triglyceride content in the
liver and skeletal muscle and thus increases insulin sensitivity [45, 46]. Recently, several
authors had suggested that leptin/adiponectin ratio could be a better biomark for metabolic
syndrome [47-49].

As a conclusion, we remark the finding of clinical and metabolic disorders associated with
obesity and related to the so-called metabolic syndrome, which, to a great extent, are already
present in pediatric population. In the same way, the positive correlation between leptin
plasma levels and BMI values, HOMA indexes and plasma concentrations of triglycerides
suggests that leptin could play an important role in the etiopathogenesis of metabolic syn-
drome and/or comorbidities that are associated with obesity.
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Abstract

White adipose tissue (WAT) expansion is related to the development of metabolic disorders
found in obesity. WAT expansion is the result of generation of new adipose cells by activa-
tion of adipogenesis and/or the increase in adipose cell size (hypertrophy). The balance
between these two processes determines whether WAT expansion occurs predominantly
by hyperplasia, which means the increase in the number of adipocytes, or hypertrophy.
Hypertrophic adipocytes are characterized by changes in adipokine secretion pattern, insu-
lin resistance and altered lipid metabolism, which is the reason why WAT-hypertrophic
expansion is considered unhealthy. Conversely, the generation of new mature adipocytes
by adipogenesis contributes to reduction of the development of hypertrophic adipocytes
and therefore maintain normal WAT functions, leading to healthy hyperplastic expansion.
The adipogenic capacity of adipose tissue depends on the adipogenic potential and the
number of adipocyte precursor cells. Different factors are known to regulate adipogenic
process and adipose tissue function, contributing to a healthy or unhealthy expansion that
occurs under positive energy balance. This chapter discusses the role of fructose intake and
glucocorticoids and testosterone as regulators of adipose tissue function and expansion.

Keywords: fructose-rich diet, glucocorticoid, testosterone, adipogenesis

1. Introduction

Obesity has been defined by the World Health Organization as the excess of adipose tissue (AT)
mass that can be harmful or not for the health. The incidence of this disorder has reached epi-
demic levels during the last few decades. It is associated with a high risk of developing different
pathologies such as type 2 diabetes mellitus (T2DM), cardiovascular diseases, dyslipidaemias
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and cancer, among others. White AT (WAT) dysfunction plays an important role in the
development of metabolic disorders associated to obesity. Anatomically, WAT presents a discon-
tinuous distribution in the organism and it is divided into two major depots, visceral and subcu-
taneous (VAT and SAT, respectively). VAT is mainly located in the abdominal cavity (peri-renal,
retroperitoneal (RPAT), mesenteric, omental and gonadal) and SAT is distributed below the der-
mis (femoral, gluteal, abdominal and gonadal). Studies in humans and animal models indicate
that VAT expansion is associated with an increase in metabolic risk and mortality, whereas accu-
mulation of SAT improves insulin sensitivity and reduces the risk of developing T2DM.

WAT increase is the consequence of two processes: the increase in the size (hypertrophy) and/
or in the number of adipocytes (hyperplasia). The form in which WAT expands correlates
with the presence or absence of WAT-functional alterations. It is well known that hypertrophy
of adipose cells is associated with the change in the pattern of adipokine secretion, increas-
ing the release of leptin [1] and pro-inflammatory cytokines [2], and decreasing the release of
adiponectin [2]. This profile of adipokine secretion contributes to the development of insulin
resistance (IR) observed in hypertrophic adipocytes [3]. Moreover, the increase in cell size is
associated with changes in lipid metabolism [4]. Conversely, adipogenesis activation leads to
an increase in the number of adipose cells, and therefore prevents the development of hyper-
trophy thus contributing to normal WAT function.

WAT has been recently reported to express brown AT (BAT) markers, and its exposure to cold
or beta-adrenergic receptors stimulation to increase the presence of brown-like-multilocular
cells [5]; this process is called WAT ‘browning’. Since these cells are different from brown
and white adipocytes, they have been called beige or brite adipocytes (from the combination
of brown and white). It is known that brown and beige adipocytes originate from different
lineages; while brown adipocytes are generated from MYF5" precursors, beige ones derive
from precursors that express platelet-derived growth factor receptor (PDGFR-a*) and stem
cells antigen 1 (Scal*) or from smooth muscle-like precursors that express myosin heavy-
chain 11 (MYH11") [6, 7]. Previous reports have suggested that beige adipocytes could arise
through a less-studied mechanism of transdifferentiation of pre-existent white adipocytes.
The most important functional difference between beige and white adipocytes is the expres-
sion of the mitochondrial-uncoupling protein 1 (UCP-1), which allows the production of heat
via the respiratory-uncoupling reaction. UCP-1 is activated by an increase of free fatty acids
(FFAs), product of cold-induced lipolysis [8]. Peroxisome proliferator-activated receptor-y
coactivator-la (PGCla) is a transcription co-activator which promotes the expression of ther-
mogenic genes during cold-induced browning of WAT. Thereby, enhancing the number of
beige adipocytes results quite relevant because of the consequent increase in energy expendi-
ture that would avoid or reduce unhealthy hypertrophic WAT expansion. This could protect
organisms against metabolic disorders associated to obesity.

Adipogenesis is a process that can be divided into two sequential steps: (a) commitment
of mesenchymal stem cells into adipocyte precursor cells (APCs), acquiring the adipogenic
potential and restricting them to the adipocyte lineage; and (b) the terminal adipocyte dif-
ferentiation wherein APCs under specific adipogenic stimuli differentiate into mature adipo-
cytes. In the first step, APCs begin to express CD34, a cell surface antigen that distinguishes
between adipogenic and non-adipogenic cell subpopulations [9]. It is important to highlight
that APCs are not a homogeneous cell population, presenting different ability to differentiate



Dietary and Hormonal Factors Involved in Healthy or Unhealthy Visceral Adipose Tissue Expansion
http://dx.doi.org/10.5772/65927

into mature adipocytes. This cell ability has been called APCs competency and is mainly
determined by the expression of two transcription factors, zinc finger protein 423 (Zfp423)
and peroxisome proliferator-activated receptor (PPAR)-y2, that are considered competency
markers. Initially, APCs express Zfp423 [10], which in turn activates the basal expression of
PPAR-y2, a key pro-adipogenic signal that assures APCs conversion into adipocytes [11].
APCs differentiation capacity is inversely correlated with the expression of anti-adipogenic
factors, such as preadipocyte factor 1 (Pref-1) and wingless-type MMTV 10b (mouse mam-
mary tumour virus) (Wnt-10b). Pref-1 is produced by APCs and exerts the most potent inhibi-
tory signal of the adipogenic process, by suppressing CCAAT/enhancer-binding proteins (C/
EBPs) gene expression [12]. Pref-1 expression decreases progressively in cells undergoing
differentiation, becoming undetectable in mature adipocytes. Also, the increase of Wnt-10b
levels inhibits APCs differentiation in vitro and in vivo [13].

Terminal adipocyte differentiation is under the control of different transcription factors and
hormones. PPAR-y2 is one of the most important factors that induce adipocyte differentia-
tion, and its expression is absolutely required for adipocyte differentiation. C/EBP-a, - and
-0 have been the first transcription factors described as involved in the differentiation of AT
cells. The expression of C/EBP-3 and -0 increases immediately after induction of adipogenesis
and stimulates the expression of C/EBP-a and PPARY-2. The increase in C/EBP-a occurs at the
end of adipogenesis and is more abundant in mature adipocytes, being crucial for the normal
sensitivity to insulin in adipocytes.

Several factors influence the biology and adipogenic potential of WAT, which contribute to
a healthy or unhealthy expansion that occurs under positive-energy balance. The purpose of
this chapter is to discuss the role of three of these factors, such as fructose intake, glucocorti-
coids (GCs) and testosterone, affecting WAT function and expansion (Figure 1).

Adipocyte Precursor Cells

{apcs)
MORMAL-SIZE AND SMALL HYPERTROPHIC ADIPOCYTES
HEW GEMERATED ADIPOCYTES f-"‘
_,_.—- ———
co3a* ——
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HEALTHY EXPANSIO UNMEALTHY EXPANSION
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L b PPARY2  PRARY2 v
BALANCED v Praf-1 4 Pref-l
HYPERPLASIA/HYPERTROPHY ~ * Wni-10k + Wnt-100 \‘-
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Figure 1. Adipocyte precursor cells (APCs) are committed mesenchymal stem cells that have acquired the adipogenic
potential, and are restricted to adipocyte lineage. During healthy adipose tissue (AT) expansion, adipogenesis is active
and AT is composed by normal sized and small new generated adipocytes, maintaining normal functions. When AT
undergoes an unhealthy expansion, VAT expands mainly by hypertrophy, and becomes dysfunctional, characterized by
insulin-resistant adipocytes, with abnormal endocrine function and local pro-inflammatory state.
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2. Deleterious effects of high-fructose diet

2.1. Fructose-rich diet intake and fructose metabolism

Fructose is a natural sugar found in fruits and vegetables, also known as levulose and fruit
sugar. Although the intake of natural sources of fructose has been relatively stable for the last
40 years, the introduction of high-fructose corn syrups has led to an exponential increase of
free fructose in food supply [14].

Fructose is metabolized primarily by the liver, although both the small intestinal mucosa and
kidney also contain the enzymes necessary for fructose catabolism [15]. Fructose is trans-
ported into cells by two membrane proteins: GLUT5, a specific fructose transporter highly
expressed along the small intestine, and GLUT2, a transporter of both glucose and fructose
which is expressed in the liver, small intestine and pancreas. Most of ingested fructose passes
via the portal circulation to the liver where it is rapidly cleared. Fructose liver metabolism
bypasses the main glycolysis metabolic control. Therefore, fructose metabolism will generate
pyruvate and acetyl-CoA even during positive-energy balance, and both of them will end in
fatty acid synthesis. This phenomenon explains why high-fructose consumption, more than
other sugar intake, increases de novo lipogenesis, dyslipidaemia and visceral fat deposition, all
of them components of the metabolic syndrome (MS).

2.1.1. Fructose impacts on adipose tissue function and adipogenesis

Fructose effects were initially described by observational studies showing the association
between cardiometabolic diseases and consumption of fructose-containing sugars, but not
with lactose [16]. These considerations were also confirmed by several pre-clinical and clinical
studies globally showing that dietary fructose can induce several metabolic alterations closely
similar to the MS phenotype.

There is considerable evidence suggesting that the intake of added sugars or sugar-sweetened
beverages is associated with increased body weight, presence of unfavourable lipid levels, IR,
fatty liver, cardiovascular disease and MS [17], while these alterations are not found using
artificial sweeteners [18]. Specifically, fructose-sweetened beverages have been reported to
cause body-weight increase and intra-abdominal fat deposition, which would be related
to high circulating levels of triglycerides found after fructose-rich diet (FRD) [19]. Indeed,
dietary fructose activates de novo lipogenesis in liver and therefore increases AT fatty acid
uptake. This powerful lipogenic effect has not been observed after the ingestion of other car-
bohydrates, since fructose metabolism is driven almost completely to fatty acid synthesis, as
mentioned above. Another effect related to fructose consumption is the advanced glycation
end products (AGEs) formation. Fructose produces 10 times more AGEs than glucose does
and these AGEs indirectly contribute to the inflammation and oxidative stress that character-
ize the MS phenotype [20].

As in men, fructose ingestion by rats induces body-weight gain, morphological and func-
tional VAT modifications and MS-like phenotype, while this does not occur when glucose
or starch is administered to rats [21-23]. Previous studies from our group showed that FRD
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given to adult rats during 3 and 8 weeks, induced an increase in circulating levels of key adi-
pokines secreted by RPAT, such as leptin, adiponectin and PAI-1. Interestingly, this altered
secretion pattern was accompanied by enlarged adipocytes and decreased expression of insu-
lin receptor substrates (IRS-1 and IRS-2) in adipocytes [24-28], suggesting an IR state. On the
other hand, Pektas et al. showed that FRD increases gene expression of insulin-signalling
pathway components and pro- and anti-inflammatory markers in WAT from male and female
rats. Gender-dependent differences in fructose feeding were not significant, suggesting that
females were not protected from harmful effects of fructose [29]. In summary, FRD ingestion
during short or long periods of time induces deep changes in VAT functionality, predomi-
nantly by favouring hypertrophic VAT mass expansion.

The deleterious effect of high-fructose intake on hypertrophic AT mass expansion has been
extensively studied; however, the study of fructose effects on adipogenesis is now emerging.
It has been observed that rats fed with FRD during short and long periods showed an increase
in the adipogenic potential of APCs from RPAT, displaying high levels of competency mark-
ers, PPAR-y2 and Zfp423 [26, 28]. These changes in the cell expression pattern of both compe-
tency factors are related to an increased APCs ability to differentiate into mature adipocytes.
Indeed, APCs from FRD-fed rats differentiated into adipocytes showed high intracellular
lipid content and high expression levels of adipogenic genes indicating that FRD intake gen-
erates APCs with a greater ability to become mature adipocytes [26, 28]. Another factor that
could influence cell adipogenic potential in AT depots is APCs number. High-fat diet intake
increases APCs number in different AT depots [30, 31]. Interestingly, we previously reported
that a 3-week FRD intake did not induce any change in RPAT APCs number [26]. However,
prolonged FRD intake (8 weeks) increased RPAT APCs number, indicating that this effect is
dependent on the time period of fructose consumption; thus, prolonged periods of fructose
intake increase RPAT APCs number.

Though literature about the effects of fructose on WAT browning is rather scarce, some authors
have shown that dietary factors are related with this phenomenon. It has been observed that
high-fat ingestion is associated with an increase in UCP-1 expression in BAT and WAT, in
mice [32, 33] and rats [34]. Conversely, other studies show a decrease or no differences in
UCP-1 WAT expression [35]. Moreover, changes in the micronutrient composition induce
WAT browning in rodents [36]. Nevertheless, dietary effects on beige adipocytes generation
and precursors remain to be further studied.

2.1.2. Direct effects of fructose on adipocyte precursor cells

As mentioned above, fructose is extensively extracted and metabolized (50-75%) primarily
by the liver; however, a percentage of fructose enters into the systemic circulation and is
metabolized by extra-hepatic tissues, such as the AT [37]. In fact, fructose concentration in
the portal circulation around VAT can easily reach 5-10 mM [38, 39]. So, it suggests that some
of the effects of FRD intake on AT mass expansion could be the result from a direct fructose
effect on APCs.

In this regard, there are some available reports describing direct fructose effects on adipo-
genesis, and most of them have been focused on the terminal differentiation stage of 3T3-L1
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preadipocytes [40]. The addition of fructose into the culture medium of 3T3-L1 preadipocytes
stimulates the terminal stage of adipogenesis, a mechanism that is GLUT5-dependent [40, 41].
Both 3T3-L1 preadipocytes and adipocytes express GLUT5 [40, 42]. It has been described that
GLUT5 gene expression is higher in undifferentiated than in differentiated 3T3-L1 cells, in
which it is almost undetectable [40, 43]. This indicates that adipocyte precursors are a better
target for fructose action than mature adipocytes. Several effects have been described using
fructose in the culture medium. In differentiated 3T3-L1 cells, fructose increased lipolysis
and the activity of 11- hydroxysteroid dehydrogenase-1 [41]. Also, the presence of fructose
(55-5500 uM) during adipocyte differentiation induced an increase in several pro-adipogenic
factors, and either GLUT5 knockdown or its over-expression reduced or increased this effect,
respectively [40].

Previous reports have described direct effects of fructose on cultured RPAT APCs from
adult normal male rats when they were cultured in the presence of fructose (5500 uM) in the
culture medium. Under this condition, APCs expressed high levels of competency factors,
showing greater APCs potential to become adipocytes. Similar results were found when cells
were cultured with a comparable concentration of glucose [28]. It has been proposed that
the balance between mineralocorticoid (MR)/glucocorticoid (GR) receptors plays a key role
in the pro-adipogenic effect of GCs. Fructose decreases GR expression in adipocytes [44], in
agreement with these data APCs grown in the presence of fructose, but not in the presence
of glucose, displayed higher MR and lower GR mRNA levels. Interestingly, when fructose-
exposed APCs were induced to differentiate, they accumulated high lipid content, indicating
that the imprinting of fructose in APCs is reflected in the mature adipocytes differentiation

capacity [28].

As mentioned before, there are two possible mechanisms by which adipogenic potential of
AT can be increased, that is, by enhancing APCs competency and increasing APCs number.
Fructose effects on APCs competency have already been presented. Regarding the direct effect
of fructose on APCs number, our previous studies showed that fructose directly increased
the CD34" adipogenic cell subpopulation in the WAT stromal vascular fraction (SVF), indicat-
ing an increase on APCs [28]. Interestingly, these results were not observed when glucose
was used, which confirms a fructose-specific effect. Taken together, these results are similar
to those observed in cells from FRD-fed rats, thus it is plausible that some effects observed
in RPAT mass expansion from FRD-fed rats can be a consequence of direct fructose effects
on APCs.

2.1.3. Fructose-rich diet intake and metabolic imprinting

The concept of ‘developmental origins of adult disease’ states [45] that environmental factors,
including maternal nutrition, experienced in utero and during early postnatal life, can elicit
permanent metabolic and physiological modifications in individuals, leading to enhanced
susceptibility to develop diseases later in life. Limited data are available on the long-term
effects of high fructose exposure during gestation, lactation and infancy. Emerging research
suggests that fructose consumption by mothers and/or their offspring during early life can
lead to persistent neuroendocrine and metabolic dysfunctions.
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Our group has studied the effect of fructose exposure during gestation or lactation, on adult
male pups. Maternal consumption of FRD during gestation alters offspring development
causing impaired insulin sensitivity and RPAT dysfunction, evidenced by hypertrophic adi-
pocytes that secrete larger amounts of leptin in vitro, though with decreased AT mass. A para-
doxical situation could at least partially be the result of a reduced RPAT APCs number [46].
Adult male offspring born to FRD-fed dams throughout gestation were reported to develop
IR, dyslipidaemia, with a distorted pattern of peripheral adipokines and enhanced oxidative
stress [47]. Interestingly, later in life, the offspring normalized their metabolic profile [48].
Conversely, another study showed that FRD intake by gestating mothers resulted in pro-
nounced maternal dysfunctions without major undesirable metabolic effects on the offspring,
even after following their progress up to 6 months of age [49].

When FRD was administered to lactating dams, the offspring showed increased body weight,
hypothalamic leptin resistance, increased food intake, IR and increased VAT mass (due to
both fat mass and adipocyte size) [50].

It was reported that offspring born from mothers consuming FRD during pregnancy and
lactation displayed decreased body weight, hyperinsulinaemia and hypoglycaemia at wean-
ing [51]. Moreover, rat pups consuming high-carbohydrate milk during lactation did develop
obesity at adulthood [52], characterized by increased body weight, hyperinsulinaemia and
augmented skeletal muscle fatty acid transport at adult life [53]. Excessive insulin secretion
in turn promotes enhanced lipogenesis [54] and adipogenesis [55]. Regarding WAT brown-
ing, FRD effects have not been yet studied. Nevertheless, maternal perinatal undernutrition
has been reported to increase the appearance of beige adipocytes in gonadal WAT of rats at
weaning [56]. There is still much to investigate about this mechanism.

In summary, FRD administration during an individual’s development (gestation or lactation
periods) induces a permanent alteration in AT development, increasing its susceptibility to
have an unhealthy RPAT expansion, and leading to unfavourable metabolic consequences
seen at adult age.

2.2. The role of glucocorticoids in adipose tissue biology

GCs have numerous effects on AT biology and functionality. Among others, they regulate
AT endocrine function, AT inflammation in obesity and lipogenic-lipolysis balance [57].
High GC levels in blood or in AT depots would be expected to increase the breakdown of
lipids; however, the GC effects on AT metabolism are controversial. Many reports agree
that GCs increase lipolysis in mature adipocytes [58, 59], while others state that GCs have
an inhibitory effect on lipolysis [59, 60]. Regarding lipogenesis, dexamethasone (DXM), a
synthetic GC, has been shown to potentiate the stimulatory effect of insulin on de novo lipo-
genesis in adipocytes [61]. GCs also may cause an increase in VAT lipoprotein lipase (LPL)
activity, particularly in men [62]. Consequently, a greater amount of fatty acids would be
available for uptake in the VAT, and could help to explain central AT accumulation seen in
individuals with high GC levels. The global balance of GC effects on AT lipid metabolism
seems to indicate that GCs may favour lipid accumulation in adipocytes, contributing to cell
hypertrophy.
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Another important effect of GCs on AT is the regulation of fat distribution, promoting VAT
deposition [63]. One clear example is Cushing’s syndrome (CS) phenotype, mainly character-
ized by high-serum GC levels and increased VAT rather than SAT mass [64]. CS has several
features in common with MS phenotype, such as the presence of VAT-hypertrophic adipo-
cytes, altered lipid metabolism and impaired adipokine secretion [65]. Chronic treatment
with GCs induces obesity and MS, impairing AT metabolism. These alterations suggest that
GCs have a pivotal role in the pathogenesis of central obesity and the associated alterations
seen in the CS phenotype. Interestingly, the restoration of normal peripheral levels of GCs in
a rat model of CS reverses most of dysfunctions [66].

Although plasmatic levels of GC seem not to be increased in human obesity, increased local
production of cortisol within the AT is associated with this disorder [67]. Local cortisol levels
are regulated by 11p-hydroxysteroid dehydrogenase type-1 and -2 (HSD1 and HSD?2, respec-
tively). Both enzymes are expressed in AT, where they act regulating the interconversion from
the inactive to the active forms of GCs and vice versa, respectively. HSD1 is expressed at
higher levels than HSD2 in AT, generating higher concentrations of the active form, which
may play an important role in GCs-driven AT mass expansion. In animal models, over-
expression of HSD1 in mature adipocytes has generated a model for VAT accumulation [68],
whereas HSD1 knockout mice are resistant to central obesity [69].

GCs are required for the differentiation of APCs [70] and for the maintenance of adipogenic
gene expression in cultured adipocytes and AT [71]. In fact, DXM has been widely used in
vitro as a component of traditional differentiation cocktails, due to its potent adipogenic
stimulus. The main effect of GCs during early stages of adipogenesis results from the inhibi-
tion of anti-adipogenic and the activation of pro-adipogenic transcriptional factors, as well
as the increase of APCs competency factors. GCs decrease Pref-1 and Wnt-10b expression
[72, 73], both factors are highly expressed in preadipocytes, absent in mature adipocytes and
responsible for the undifferentiated phenotype maintenance [74, 75]. Experiments in 3T3-L1
preadipocytes showed that Pref-1 is an early target for DXM action and that its expression
decreases with high DXM concentrations, at the same time that adipocyte differentiation
increases [72]. Similarly, methylprednisolone (another synthetic GCs) or DXM inhibit Wnt/b-
catenin-signalling pathway, promoting adipocyte differentiation [73, 76]. In cultured APCs
from hypercorticosteronaemic rats, mRNA levels of Pref-1 and Wnt-10b decreased at the
time that all differentiation parameters increased, for example, lipid content, expression lev-
els of mature adipocytes genes (Ob, adiponectin, C/EBP-a, PPAR-y2) and leptin secretion
[77]. On the other hand, GCs increased mRNA levels of the pro-adipogenic factors C/EBP-d
and C/EBP-{ [78], which subsequently regulated the expression of mature adipocytes genes.
Additionally, it has been previously shown that GCs can activate APCs by enhancing the
expression of the competency factors, PPAR-y2 and Zfp423 [77], and consequently increasing
their adipogenic potential.

The actions of GC on AT cells can be exerted through their binding to MR and GR [79, 80],
although the contribution of MR and GR in mediating GC effects on AT cells has not been
fully understood. In 3T3-L1 and in mouse and human preadipocytes, MR rather than GR has
been reported to be important in mediating the pro-adipogenic effects of GCs [79, 81, 82].



Dietary and Hormonal Factors Involved in Healthy or Unhealthy Visceral Adipose Tissue Expansion
http://dx.doi.org/10.5772/65927

However, another study by Lee et al. found that human preadipocytes express lower levels
of MR than those of GR. Moreover, the blockade of GR but not of MR inhibited adipogenesis
activation caused by GCs [80]. Nevertheless, the participation of MR or GR in the biological
actions of GCs upon the AT is still a matter for debate, while there is currently no consensus
about this.

Most studies on the stimulatory role of GCs on preadipocyte differentiation have been largely
limited to the 3T3-L1 cell line [83, 84]. However, the role of GCs in vivo should not be assumed
on the basis of those studies. Taking into account the potent pro-adipogenic action of GCs, it
is difficult to explain the presence of hypertrophic adipocytes under conditions of high GC
levels, when they are supposed to favour the generation of new cells and therefore small adi-
pocytes through a continuously activated adipogenesis. In this regard, previous reports show
evidence for a dual behaviour of the adipogenesis in a model of high GC levels, characterized
by initial activation and a subsequent inhibition of the adipogenic process [66, 77]. This dual
behaviour could be in part because of differential expression levels of MR: while MR expres-
sion does not change in early stages of hypercorticosteronaemia, it decreases under chronic
high GC levels condition. This fact could suggest that MR is involved in the development of a
GCs-resistant state in AT and it could explain, at least in part, the inhibition of adipogenesis in
a powerful pro-adipogenic environment. However, the contribution of GR to the lack of GCs
effect cannot be disregarded, even in the presence of similar GR expression levels.

The recruitment of immune cells, such as macrophages, lymphocytes and natural killer
(NK) cells, occurs in VAT during obesity and contributes to the development of a chronic
inflammatory state [85]. Furthermore, there is a macrophage polarization towards the M1
pro-inflammatory type in detriment to the M2 anti-inflammatory type [85]. The role of GCs
mediating the inflammatory response in AT depends on MR or GR activation, which will
determine a pro- or anti-inflammatory response, respectively. While GR activation induces a
decrease of pro-inflammatory cytokine secretion, MR activation generates the opposite effect
[86]. Nevertheless, in CS patients the establishment of an AT inflammatory state is debated
[87, 88]. In our animal model of high GC levels, the RPAT expression of macrophages infiltra-
tion markers (TNF-a, IL-6, MCP-1 and F4/80) does not increase [66]. This suggests an anti-
inflammatory effect of GCs exerted through GR activation or a lower pro-inflammatory effect
due to low MR expression [66].

It has been described that GCs suppress thermogenesis in rodents BAT, by decreasing the
expression of UCP-1 [89]. Also, GCs treatment decreases BAT-specific genes expression in
a brown adipose cell line [90]. However, available information about GCs action on beige
adipocytes generation is contradictory and inconclusive. MR antagonist in high-fat-fed mice
has been observed to promote WAT browning, inducing the expression of UCP-1 in VAT and
SAT (inguinal) and the generation of brown-like adipocytes [91]. On the other hand, human
and mouse adipocytes expressed lower levels of UCP-1 when cultured in the presence of
DXM [92]. Additionally, DXM-treated mice showed decreased UCP-1 mRNA levels in both
SAT and WAT depots, at the same time that developed glucose intolerance and hypertrophic
adipocytes [92]. Further studies are needed to clarify the role of GCs on WAT browning and
the potential effects on metabolic disorders.
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The molecular basis and a more complete understanding of GCs effects on in vivo AT mass
expansion remain to be defined. Adipogenesis activation or inhibition, depending on the
competency and number of APCs, could be one factor modulating the way in which an
AT depot expands. This fact is crucial because the metabolic dysfunctions associated with
obesity are dependent on the development of adipocyte hypertrophy. Thus, the possibility
to increase APCs adipogenic potential could result in the activation of adipogenesis (hyper-
plastic AT mass expansion), and probably the compensation of adipocyte hypertrophy, with
consequent benefits for AT functionality. The fact that CS patients as well as GCs-treated
rodents show enlarged adipocytes [93, 94] suggests that GCs must also stimulate hyper-
trophy, through either increased lipogenesis or decreased lipolysis, in addition to hyper-
plasia, through adipogenesis activation, probably in balance where hypertrophy exceeds
hyperplasia.

2.3. Testosterone modulates fat store deposition and function

It is well known that AT mass and distribution pattern display a clear dimorphism between
genders, which has been observed in humans, non-human primates and laboratory ani-
mals. Women have greater percentage of AT and proportionately lower lean mass than men.
Furthermore, there is a differential distribution of AT among individuals, while men have
greater predisposition to accumulate VAT (android distribution), women accumulate gluteal-
femoral AT (gynoid distribution). Since VAT expansion is associated to high risk of T2DM
and cardiovascular disease development, the greater predisposition to VAT accumulation in
men is one of the reasons for higher male incidence in metabolic disorders development.
In physiological range, plasma testosterone levels are inversely correlated with VAT mass
and therefore associated with a favourable metabolic profile. The same relation has been
shown with plasmatic sex hormone-binding globulin (SHBG) concentration and VAT mass.
Dehydroepiandrosterone (DHEA) is an adrenal precursor of the peripheral steroid synthe-
sis and it is considered a weak androgen. Some studies have found an inverse correlation
between the DHEA levels and central obesity. However, this relationship is not clear with
supra- or sub-physiological testosterone levels. Treatments with testosterone in transsexual
individuals are accompanied by an increase in AT mass [95], while in patients with hypo-
gonadism a decrease of AT has been observed [96]. In both examples, the risk of developing
cardiovascular diseases was enhanced [95-97].

The relationship between blood androgen levels and AT function in women is more complex.
It is accepted that androgen excess is associated with central obesity, although there are stud-
ies that are not consistent with this assumption. Women with polycystic ovary syndrome
(PCOS) often have hyperandrogenaemia associated with IR and accumulate VAT mass. It has
been seen that in humans, testosterone induces IR in adipocytes, in part by decreasing glucose
uptake by these cells. Neonatal androgenization, an experimental model of PCOS, clearly
showed that transiently testosterone excess altered AT function, increasing VAT mass [98],
adipocyte size and plasmatic leptin, PAI-1 and FFA levels. These alterations shifted towards
those favouring IR and inflammation in adult life [27]. On the other hand, neonatal treatment
with a non-steroidal antagonist of the androgen receptor (AR), flutamide, induced a decrease
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in the levels of leptin and greater LPS-induced TNF-a secretion [99]. In general, the treatment
with testosterone in the first days of life increases the susceptibility to the development of MS
[76] and, on the contrary, the treatment with flutamide improves this condition, showing that
testosterone effects are specific receptor-dependent (AR) [100].

The effects of androgens on lipid metabolism, insulin sensitivity and adipogenic process are
well known. Androgens exert their biological actions through its specific receptor, which is
part of the nuclear receptors family that includes GR, MR and PPAR-y, among others. AR is
expressed in both adipose cells and APCs [101]. However, the levels of its expression differ
among AT depots. VAT has higher AR expression levels than SAT [101-103], which would
explain in part the differential actions of testosterone on these different AT depots.

It is accepted that androgens have stimulating effects on lipolysis. In rats, castration
inhibits catecholamines- or cAMP-induced lipolysis [104], while testosterone treatment
increases forskolin- and adrenaline-induced lipolysis [105]. Also, DHEA has positive
effects on the lipolytic process. It has been found that rats treated with DHEA show an
increase in plasma glycerol and FFA, and in the epididymal AT pad it increases the expres-
sion levels of adipose triglyceride lipase (ATGL) and hormone-sensitive lipase (HSL) [106].
In humans, androgen effects on lipolysis are dependent of the AT depot being studied.
Treatment with testosterone in transsexual individuals has been reported to increase
lipolysis in VAT, but not in the SAT. In vivo studies also show that testosterone increases
catecholamine-induced lipolysis in abdominal AT, but not in the femoral fat pad. There is a
correlation between plasma testosterone levels and the degree of post-stimulation lipolysis
in omental AT [107].

In vitro studies with preadipocyte cell line 3T3-L1 and multipotent cell lines C3H10T1/2,
have shown that androgens (e.g. testosterone, dihydrotestosterone (DHT) and DHEA)
inhibit cell proliferation and differentiation into mature adipocytes [108-110]. The same
inhibitory effect was observed in human APCs from different AT depots (mesenteric, omen-
tal and abdominal subcutaneous). In rats, castration produces a dual effect according to
the AT depot studied; while increasing adipogenic potential of APCs from peri-renal AT, a
decreased effect was observed in epididymal AT [111]. Part of the anti-adipogenic action of
androgens would be exerted through the inhibition of PPAR-y2 and C/EBP-a. On the other
hand, it has been observed that testosterone and DHT also inhibit the commitment of mes-
enchymal cells into APCs obtained from lean and obese women [112, 113]. The induction of
the APCs to differentiate into mature adipocytes increases the expression of the AR [103],
although Dieudonne et al. showed that this protein level decreases [101]. It is important to
emphasize that most of the literature related to androgen effects on adipogenesis is focused
on the terminal phase of this process, but very little is known about the actions on APCs
number and competency.

Androgens effects on WAT browning have not been yet explored. However, the thermo-
genic capacity of BAT is associated with sexual dimorphism, evidenced by differential UCP-1
expression levels between males and females [114, 115]. It has been observed that testoster-
one inhibited the expression of UCP-1 [116] and PGC1-a in cultured precursors of brown
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adipocytes [117]. These results coincide with the lowest mitochondrial activity observed
in male compared to female rats [118]. These observations show that androgens inhibit
thermogenic capacity in brown adipocytes and therefore the same effect could be expected
on beige adipocytes.

In obesity, plasmatic testosterone levels are diminished, favouring the increase in VAT mass.
At the same time, low levels of testosterone induce inhibition of lipolytic metabolism and
stimulate LPL expression favouring lipogenesis [119]. This altered lipolysis/lipogenesis bal-
ance contributes to an increase lipid storage in adipose cells and therefore to the development
of unhealthy VAT mass expansion. Adipocyte hypertrophy is associated with higher leptin
secretion into circulation. Leptin impacts on reproductive axis function by inhibiting testis
testosterone production [120]. These feedback effects contribute to generate a vicious cycle
between AT dysfunction and androgen.

The development of a pro-inflammatory state is one of the features of unhealthy VAT mass
expansion. Androgens have been described as anti-inflammatory factors. In hypogonadism,
pro-inflammatory cytokines levels increase, while androgen replacement therapy decreases
them [121]. Therefore, the decrease of testosterone levels associated to obesity contributes
to the pro-inflammatory state observed. On the other hand, low testosterone levels in cir-
culation would be one of the factors that activate adipogenesis, contributing to the increase
of VAT adipocyte number, as observed in obese individuals. However, the effect of low
androgen levels on cell hyperplasia is not strong enough to prevent adipocyte hypertrophy
development, and therefore VAT depot dysfunction, main characteristics of the hypertrophic
obese phenotype.

3. Conclusion

Endocrine-metabolic alterations associated to obesity are related to WAT dysfunction,
mainly VAT. However, the increase of VAT mass per se is not an unequivocal indication
of VAT dysfunction, whereas the adipocyte size actually is. Therefore, the balance between
hypertrophy and hyperplasia will determine the appearance of enlarged adipocytes and,
consequently, the development of VAT dysfunction. There are many factors that regulate
this balance in WAT expansion. In this chapter, we have addressed three of them: fructose
intake, GCs and testosterone. Both, fructose intake and GCs, stimulate adipogenesis by
modulating APCs competency and number, and thus terminal differentiation. However,
in both cases the chronic exposure to these factors led to hypertrophic adipocytes, and
therefore to an unhealthy WAT expansion. Chronic exposure to high GC levels seems to
induce a resistance state in APCs that would limit their adipogenic potential, partially by
a lower response to GCs stimuli due to MR expression decrease. Conversely, testosterone
is an anti-adipogenic factor that favours unhealthy expansion. Obesity is associated with
reduced testosterone levels, which would promote adipogenesis; however, much extensive
research is needed to determine the role of androgens in APCs adipogenic potential in
obesity. Finally, factors inducing adipogenesis could become a therapeutic target against



Dietary and Hormonal Factors Involved in Healthy or Unhealthy Visceral Adipose Tissue Expansion
http://dx.doi.org/10.5772/65927

HYPERTROPHIC and NEW
ACTIVATED, MORE GEMERATED ADIPOCYTES
COMPETENT APCs
EARLY INCREASED o5
GCs EXCESS ADIPOGEMESIS e ¥ o
* ¥ !
HIGH FRUCTOSE ']
NORMAL INTAKE -
ALTERED APCs ?
INCREASED IPOCYTES
ADIPOGENESIS? | TPERTROPHICAD
&
GCs RESISTANT, LESS
COMPETENT APCs
CHROMIC DECREASED
GCs EXCESS ADIPOGEMESIS
» *

INCREASED H'!'PER'TRﬁPl-l‘I’,"H‘I'PERNAEM
BALANCE

S
DYSFUNCTIONAL ADIPOSE TISSUE

Figure 2. The analysis of three different factors regulating adipogenesis and VAT expansion shows differential
effects, depending on the factor analysed. Early GC excess and FRD intake make APCs more competent, this
means favouring their ability to differentiate into mature adipocytes, consequently increasing adipogenesis.
Nevertheless, this increased adipogenesis occurs in parallel with hypertrophic VAT expansion. GCs chronic excess
causes APCs competency to decrease, adipogenesis to fall and VAT expansion mainly by the hypertrophy of pre-
existent adipocytes. Effects of low testosterone levels associated to obesity need to be further studied. Nonetheless,
it is already known that testosterone is an anti-adipogenic factor involved in unhealthy VAT expansion, favouring
adipocyte hypertrophy. In summary, all three factors are involved in increased hypertrophy/hyperplasia balance,
generating a dysfunctional VAT.

endocrine-metabolic disorders, favouring WAT healthy expansion and thus mitigating obe-
sity-associated pathologies (Figure 2).
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Abstract

Food and nutrition education is globally recognized as the most efficient tool for reduc-
ing the risks of non-communicable diseases (NCDs). For decades, different nutrition
labelling formats found on the back of food packages have been used as educational
tools to provide information on amounts of nutrients for preventing both under- and
over-nutrition. However, these traditional panels have proven to be ineffective for con-
sumer education due to their complexity. Other systems, so-called ‘Simplified Nutrition
Labelling’, which are normally shown on the front of a food package, were then intro-
duced as ‘Front-of-Pack, FOP” labelling. These labelling panels normally contain only the
nutrients that relate to NCDs and that should be limited for consumption. At least four
types of FOP nutrition labelling panels exist, namely, nutrient specific, summary indica-
tor, food group information and hybrids. These panels using different patterns provide
consumers with three types of information: non-evaluative, evaluative or interpretative
and conclusive. In this chapter, the advantages and disadvantages of different types of
nutrition labelling are discussed, especially their roles in reducing the risk of obesity-
related NCDs in a population.

Keywords: nutrition labelling, front-of-pack, non-communicable diseases, nutrition
education, nutrition in transition
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1. Introduction

Currently, nutrition in transition can be found globally even in most developing countries.
Declining under-nutrition is occurring in parallel with increases in over-nutrition, obesity and
non-communicable diseases (NCDs). A double burden of malnutrition is now affecting the
world population’s quality of life.

For decades, nutrition education has been recognized as a preventive strategy for the sustain-
able reduction of both under- and over-nutrition. International organizations have developed
guidelines for healthy eating that countries have adopted for preparing more practical food-
based dietary guidelines (FBDGs). More simplified FBDGs were later developed in different
graphical designs according to national cultures and eating contexts. These FBDGs have been
modified periodically by including additional factors other than foods that affect the nutrition
and health statuses of population.

Industrially-produced foods are the other important sources of nutrients for people especially
in more developed countries. An attempt in using industrial food products as an education
tool for populations exists in terms of nutrition labelling, which indicates the amounts of cer-
tain selected nutrients on food package.

The traditional nutrition labelling panel, which contains amounts of nutrients that reduce
risks of under- and over-nutrition, has been mandated in many countries. Data on these
traditional nutrition labelling panels are normally tabulated and located on the back
of food package or so called ‘Back of Pack, BOP’ nutrition labelling panel. After several
years of implementation, the traditional BOP nutrition labelling panels were found to be
inefficient tools for educating consumers, due to such causes as their hidden location on
shelves, complicated information and unattractive design. Consumers generally did not use
the panel, and it did not attract industries to reformulate their recipes towards healthier
nutrient profiles. A more effective nutrition educational tool is now needed as the prob-
lems of overweight, obesity and non-communicable diseases have become serious nutrition
issues worldwide, especially among the people of low socio-economic classes and with less
education.

A simplified nutrition label in graphic format was introduced in the 1960s intentionally to
conquer over-nutrition, and later more designs and types were widely developed. Among
these differences, the common agreement was on the nutrients used for criteria develop-
ment, which were basically related to non-communicable diseases, for example fat, sodium
and sugar. In addition, this simplified nutrition labelling panel was located on the front of
food package or so called ‘Front-of-Pack, FOP’ nutrition labelling panel. These panels of dif-
ferent types and different degrees of informativeness have been recognized differently by
different groups of stakeholders within the food system. Most FOP nutrition labelling panels
are still implemented on a voluntary basis. In this chapter, the logic behind the development
of traditional and simplified nutrition labelling panels are discussed as well as their uses in
many countries.
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2. Global nutrition in transition

For decades in many parts of the world, protein energy malnutrition (PEM) and micro-nutri-
ent deficiencies have been significant health burdens. Consequently, tremendous investments
have been made in programs to alleviate these under-nutrition issues. However, most malnu-
trition scenarios arise not just from a lack of sufficient, adequately nutritious and safe food. A
host of other interacting processes also play a role, for example healthcare, education, sanita-
tion and hygiene, agriculture, trade, access to resources, women empowerment and more [1].
Consequently, a multidisciplinary approach involving different stakeholders, such as public
health, agriculture, education and local authorities, must be implemented with the involve-
ment of communities. The applied knowledge of these stakeholders as well as strong contri-
butions and the cooperation of communities are important requirements for the production
and consumption of nutritious and safe foods. For example, improvements in human quality
of life, via efficient sanitation and nutrition programs, can successfully reduce morbidity and
mortality due to nutrient deficiencies and communicable diseases. Over the past four decades,
this multidisciplinary approach has been tested and implemented on a large scale in several
developing countries. Thailand is one such success story where PEM among under-5 year
old children was drastically reduced after 20 years of implementing this approach (Figure 1).

Elimination of undernutrition: a global deficit and priorities
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Figure 1. The World Food Summit Goal in reducing underweight problem in school children, the current situation
of most countries and the Thailand’s experience. Source: Ending malnutrition by 2020: an agenda for change in the
millennium. Final Report to the ACC/SCN by the Commission on the nutrition challenges of the twenty-first century.
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Among many supporting factors, food and nutrition education is one of the keys to success.
As information is modified and simplified to fit community contexts, understandable mes-
sages and practical guidance can be passed to consumers. In the case of Thailand, the mes-
sengers were village health volunteers—at a ratio of 1 volunteer per 10 households—who
distributed important nutrition information all over the country. Effective communication
proved to be a powerful tool for altering consumer behaviours in the food system.

It must be recognized, however, that economic development is also a significant factor for suc-
cess in solving a country’s under-nutrition challenges. It can allow a country to invest more in
nutrition and increase people’s access to nutritious and safe foods. Under-nutrition problems
in many countries have shown improvement as national economies have grown in strength
(Figure 2). As a consequence of economic development, potentially more nutritious, safe and
energy-rich foods can be available, affordable and accessible by people of varying socio-eco-
nomic statuses. Economic development and industrialization provide more food choices in
marketplaces, which have changed food environments in many countries.

The roles of food industries nowadays have also become more significant in the daily diets of
the world’s populations, and not always for the better. Globalization and modernization have
drastically changed people’s lifestyles in developing countries that formerly had a more bal-
anced way of living. Traditional and imported energy-rich foods can be easily accessed in fresh
markets, convenience stores, supermarkets, food vendors, local restaurants and multinational
franchise restaurants due to better logistics, more modern and economical agricultural and

Undernourishmant trends; progress made n almost all regions, but at very different rates
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Figure 2. World situation on protein energy malnutrition (PEM) problem. Source: http://www.fao.org/hunger/
key-messages/en/.
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industrial production technologies and free trade agreements. Unfortunately, though, mes-
sages from food businesses can, in part, be based on fact, but they can also contain misleading
information. Deceptive food advertisements and sales promotions can create an unhealthy
food environment for consumers by promoting the excessive consumption of energy-, sugar-,
saturated fat- and sodium-rich foods. In such an environment, physically easy or sedentary
lifestyles, which result in low physical activity and less energy expenditure in everyday life,
promote unbalanced nutrition. A mentally stressful lifestyle, furthermore, can cause a nega-
tive impact on non-communicable diseases.

Allied, often well-meaning, government health programs can also affect a population’s nutri-
tional status. For example, successful family planning programs have led to very low popu-
lation fertility rates in many countries (lower than 2.1). Due to lower birth rates as well as
better public health care, these countries have steadily seen a decline in working age people
and a growing elderly population (Figure 3). As the ratio of elderly people increases, these
countries are faced with an ageing society with the expectation that a longer life will also be
a healthy life. However, non-communicable diseases often come to the forefront, since they
are found more often in older age population groups who are physiologically prone to the
diseases, especially among overweight and obese individuals. Changes in food availability,
lifestyle and population profiles, therefore, can exacerbate expanding problems of NCDs. The
increase in NCDs in developing countries—where under-nutrition used to be the main nutri-
tion problem but has improved —can partly be explained by using Barker’s theory, as well.
Some persons found within a population affected by NCDs were born malnourished and
were low-birth-weight newborns. Their bodies adapted to an environment that was chroni-
cally short of food. In adulthood and living in a more affluent environment, they become
more prone to metabolic disorders, such as obesity and type II diabetes [2].
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Figure 3. The trend of the ratio (%) of the population aged 65 and over to the working-age population (aged 15-64)
through the year 2050. Source: http://www.asiapathways-adbi.org/2015/02/why-do-we-need-financial-education-in-asia/.
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While under-nutrition in the form of PEM and micro-nutrient deficiencies remains unsolved
in many developing countries, unfortunately the challenge of over-nutrition has also rapidly
emerged, thus presenting the world with a double-burden in terms of malnutrition. Incidences
of overweight, obesity and diet-related NCDs, which were mainly found in more affluent
developed countries, are now growing in many developing countries at an alarming rate.
The worldwide prevalence of obesity more than doubled between 1980 and 2014. Globally,
NCDs are now the leading causes of death. Cardiovascular diseases, diabetes, cancer and
chronic respiratory diseases caused up to 68% of deaths in 2012 [3]. Almost three-quarters of
all NCD deaths occur in low- and middle-income countries [4]. Four major risk factors have
been primarily responsible for the rise in NCDs are tobacco use, physical inactivity, alcohol
use and unhealthy diets [5]. The rapid rise in NCDs is predicted to impede poverty reduction
in low-income countries, particularly by increasing household costs associated with health
care. Vulnerable and socially disadvantaged people become ill and die sooner than people of
higher socio-economic status, since they are at higher risk of being exposed to harmful prod-
ucts, such as tobacco or unhealthy food, and have limited access to health services. To lessen
the impact of NCDs on individuals and society, a comprehensive approach is needed that
requires all sectors, including health, finance, foreign affairs, education, agriculture, planning
and others, to work together to reduce the risks associated with NCDs, as well as promote
interventions to prevent and control them. A global action plan for the prevention and control
of NCDs 2013-2020 was initiated by WHO and member states. This plan aims to reduce the
number of premature deaths from NCDs by 25% by 2025 [6].

Malnutrition, in every form, presents significant threats to human health. Today the world
faces a double burden of malnutrition that includes both under-nutrition and over-nutrition,
especially in developing countries (Table 1). Hunger and inadequate nutrition contribute to
early deaths among mothers, infants and young children, and impaired physical and brain
development in young children. Meanwhile, growing rates of overweight and obesity are
linked to a rise in life-threatening chronic diseases (e.g. hypertension, stroke, cardiovascular
disease, diabetes, cancer) that are difficult to treat in places with limited resources and already
overburdened health systems. Nutrition problems that emerge in either direction impair indi-
vidual productivity, which slow down national growth. The cost of malnutrition is approxi-
mately 3.5 trillion USD per year [7].

3. Guideline for healthy eating

3.1. Balanced diet

Consuming a healthy diet throughout life is one key for maintaining strength and good
health. Eating a wide variety of foods in the right proportions can achieve and maintain
healthy body weight and prevent malnutrition of all forms as well as a range of NCDs. Foods
from nature provide both nutrients and non-nutrients that benefit human health. The basic
elements, or nutritional requirements, for a healthy diet must include the right amounts of
energy, protein, fat, carbohydrates, vitamins, minerals and water for the body. These require-
ments, in fact, differ for different individuals and at different life stages. However, sets of
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Under-nutrition Over-nutrition

- About 104 million children under age 5 worldwide (2010) are - About 1.5 billion people are overweight worldwide,

underweight and 171 million stunting of whom 500 million are obese (2008)

- More than one-third of preschool-age children globally are - About 43 million children under age 5 were

Vitamin A deficient overweight in 2010

- Maternal under-nutrition, leads to poor foetal development - Growing rates of maternal overweight are leading to
and higher risk of pregnancy complications higher risks of pregnancy complications and heavier
- 13 million children are born with low birth weight or birth weight and obesity in children

prematurely due to maternal under-nutrition and other factors

- Maternal and child under-nutrition account for more than 10% - At least 2.6 million people die each year as a result of
of the global burden of disease being overweight or obese

- Under-nutrition contributes to about one-third of all child

deaths

Source: WHO Nutrition Challenges 2014, http://www.who.int/nutrition/challenges/en/August 12, 2016.

Table 1. Impacts from double burden malnutrition in the world as quoted by World Health Organization in 2010.

nutrient requirements have been established for general populations living in many coun-
tries. These sets go by different names, such as Dietary Reference Intake (DRI) in the United
States and Canada, Dietary Reference Values (DRV) in the United Kingdom, etc. The human
body needs different nutrients for different functions in differing amounts. Carbohydrate, fat
and protein—known as ‘macronutrients’—are required in much larger amounts than miner-
als and vitamins that are called ‘micro-nutrients’. In addition, the human body’s physiologi-
cal function is also regulated by non-nutrient substances that are found naturally in food.
Consequently, the term ‘balanced diet’ must contain the right amounts of the right kinds of
nutrients and non-nutrients. Nutrient and non-nutrient requirements for a healthy diet are,
in fact, quite individualized, since they relate to genetics, age, gender, physical activity and
health status of an individual.

3.2. Food-based dietary guidelines

Information contained in the FAO/WHO recommendations on energy, protein and nutrient
requirements is quite abstract and difficult for consumers to understand. Consequently, a
simplified message was developed in terms of Food-Based Dietary Guidelines (FBDG) by
transforming nutrients into food groups for better understanding. In the Cyprus meeting in
1995, FAO and WHO in collaboration with experts developed eating guidelines for healthy
lifestyles for preventing under-nutrition, over-nutrition and unsafe food consumption [8].
These guidelines serve as principles for countries to adopt and adapt as their own guidelines.
Upon implementation, a guideline can be periodically revised in line with current scientific
evidence. Over 100 countries worldwide have developed their own FBDGs that are suitable
for their own nutrition situations, food availability, culinary cultures and eating habits. From
the simplified message, FBDGs have been developed into more consumer-friendly formats,
especially in terms of graphic design. Examples of graphical FBDGs from different coun-
tries are shown in Figure 4. Many of the designs are specific to the cultures of implement-
ing countries. In addition, a design can also be modified if it proves to be an ineffective tool
for consumer education, especially for preventing NCDs. For example, the USA’s graphical
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Figure 4. Examples of graphical FBDGs implemented in different countries. Source: http://www.fao.org/nutrition/
nutrition-education/food-dietary-guidelines/en/.

FBDG was changed from a pyramid pattern into a plate pattern (Figure 5). In addition, many
countries later included exercise in their graphical FBDGs, since food alone cannot lead to a
healthy life. Messages on the graphical FBDGs of every country are similarly shown as food
groups, not nutrients, which general consumers can more easily understand.

3.3. Nutrient reference values for nutrition labelling

In 1941, the Food and Nutrition Board first developed a set of recommended nutrient require-
ments known as recommended dietary allowances or RDAs. These allowances were meant
to provide ‘nutrients beyond enough’ for civilians and military personnel, since the values
included a ‘margin of safety’ [9]. The established values for a nutrient can be different for
different requirements due to age and gender. These RDAs were subsequently revised every
5-10 years until 1997 when dietary reference intake (DRI) was introduced in order to broaden
the existing RDA system. The DRI consisted of a set of four reference values: (i) estimated
average requirements (EARs) wherein the average nutrient intake satisfies the needs of 50%
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Figure 5. Series of changes in USA’s graphical FBDGs. Source: http://www.cnpp.usda.gov.

of healthy individuals, (ii) recommended dietary requirements (RDA) or nutrient amounts
sufficient to meet the requirements of 97.5% of a population, (iii) adequate intake (AI) or the
approximate value determined from observations or experiments on nutrient intake from a
group or groups of healthy people (where there was no established RDA) and (iv) tolerable
upper intake (UL) or the highest level of nutrient intake that is considered to be safe and
causes no side effects in most people [10]. Since these sets of values were developed for spe-
cific purposes, they could be adopted directly for use as references among general consumers.

In 1985, CODEX grouped nutrients into a single set and established their reference values
known as ‘nutrient reference values-requirements (NRVs-R)” to be used for individuals aged
older than 36 months as shown in Table 2 [11]. Most of the NRVs-R values are similar to
those listed in the RDA. The CODEX values are meant to be used as references in preparing
nutrition labels for consumer education. It is expected that a consumer can decide the appro-
priateness of a food for his/her health by considering what percentage of a nutrient’s daily
requirement (%NRVs) can he/she obtain from eating a portion of a food. Percentage NRVs is
meant to help consumers in making correct food choices for their health. Other than the term
NRVs-R as defined by CODEX, other terminologies have been developed, such as daily value
(DV) used by the U.S. Food and Drug Administration (USFDA) for their Nutrition Fact Panel
(NFP). Moreover, nutrient reference values—-non-communicable disease (NRVs-NCD) has also
been specifically established by CODEX for consumer education in order to educate the risks
of NCDs.

3.4. Nutrients related to the risks of NCDs

To prevent diet-related NCDs, WHO recommended healthy populations to limit their intake
of saturated fat, trans fat, cholesterol, sugar, sodium and total energy, while ensuring ade-
quate intakes of carbohydrate, protein and dietary fibre [12, 13]. Nutrient intake goals for
preventing NCDS are shown in Table 3. Similarly, the FBDGs of most countries recommend
limiting the consumption of fat, sugar or salt, as well as foods and beverages high in energy.
For fat, concern is placed on not only the quantity but also the quality of fat consumed, espe-
cially saturated fats and trans fat. In addition, and based on convincing evidence, CODEX
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Nutrients Values of NRV-R
Vitamins

Vitamin A (ug) 800"

Vitamin D (pug) 5"

Vitamin C (ug) 60

Vitamin K (ug) 60

Thiamin (mg) 1.2

Riboflavin (mg) 1.2

Niacin (mg NE) 15"

Vitamin B6 (mg) 1.3

Folate (1 DFE) 400

Folic acid (ug) 200

Vitamin B12 ((ug) 24

Pantothenate (mg) 5

Biotin (ug) 30

Minerals

Calcium (mg) 1000

Magnesium (mg) 300

Iron (mg) 14

Zinc (mg) 15

Todine (pg) 150"

Copper Value to be established
Selenium Value to be established
Protein 50

* For the declaration of B-carotene (provitamin A) the following conversion factor should be used: 1 ug retinol = 6 ug
{-carotene.

*Nutrient reference values for vitamin D, niacin and iodine may not be applicable for countries where national nutrition
policies or local conditions provide sufficient allowance to ensure that individual requirements are satisfied.

Table 2. A set of numerical values of nutrient requirements (NRV-R) that are based on scientific data for purposes of
nutrition labelling and relevant claims.

established NRVs-NCD that recommended limiting saturated fat and sodium—two main
nutrients for lowering risks of NCDs—to not higher than 20 g and 2000 mg/day, respectively
[11]. Trans fat is classified as the worst quality fat with recommended consumption at less
than 1% of total energy. Trans fat increases blood low-density lipoprotein (bad) cholesterol
as well as decreases high-density lipoprotein (good) cholesterol. The USFDA stated that par-
tially hydrogenated oils (PHOs) are the primary dietary source of artificial trans fat in pro-
cessed foods and must not be classified as ‘generally recognized as safe’ or GRAS for use in
human food [14]. In contrast, increased intake of fruits, vegetables, whole grains and nuts is
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Dietary factor 1989 WHO study group 2002 Joint WHO/FAO Rationale for Joint WHO/
recommendations expert consultation FAO expert consultation
recommendations (CODEX) recommendations
Total fat 15-30% 15-30% Obesity/CVD/diabetes
Saturated fatty acids (SFAs)  0-10% <10% Diabetes/CVD
Polyunsaturated fatty acids  3-7% 6-10% CVD
(PUFAs)
n-6 PUFAs 55-75% 5-8% CVD
n-3 PUFAs 0-10% 1-2% CVD
Trans fatty acids <1% CVD
Monounsaturated fatty By difference®
acids (MUFAs)
Total carbohydrate 55-75% 55-75%"
Free sugars* 0-10% <10% Obesity/dental diseases
Complex carbohydrate 50-70% No recommendation
Protein 10-15% 10-15%*
Cholesterol 0-300 mg <300 mg/d CVD
Sodium chloride (sodium)® <6 g/d <5 g/d (<2 g/d)
Fruits and vegetables >400 g/d 2400 g/d CVD/cancer
Pulses, nuts and seeds >30g/d (as part of the 400 g
of fruit and vegetables)
Total dietary fibre 27-40 g/d From food' Obesity/diabetes/
Non-starch polysaccharides 1624 g/d From food* CVD/cancer
(NSP)

Notes: *This is calculated as total fat — (SFAs + PUFAs + trans fatty acids).

*The percentage of total energy available after taking into account that consumed as protein and fat, hence the wide range.

“The term ‘free sugars’ refers to all monosaccharides and disaccharides added to foods by the manufacturer, cook or
consumer, plus sugar naturally present in honey, syrups and fruit juices.

9The suggested range should be seen in the light of the Joint WHO/FAO/Consultation on Protein and Amino Acid
Requirements in Human Nutrition, held in Geneva from 9 to 16 April 2002.

¢Salt should be iodized appropriately. The need to adjust salt iodization, depending on observed sodium intake and
surveillance of iodine status of the population, should be recognized.

‘Wholegrain cereals, fruits and vegetables are the preferred sources of NSP. The recommended intake of fruits and
vegetables and consumption of wholegrain foods is likely to provide >20 g per day of NSP (>25 g per day of total
dietary fibre).

"Adapted from Diet, nutrition and the prevention of chronic diseases. Report of a joint WHO/FAO expert consultation
(WHO Technical Report Series 916) [13].

Table 3. Recommendations for nutrient intakes in population by WHO and CODEX* (% of total energy, unless otherwise
stated).

recommended by all organizations for preventing NCDs. An average intake of a minimum
of 400 g of fruits and vegetables per day, or five servings, is recommended for preventing the
risks of NCDs, such as heart disease, cancer, diabetes and obesity [13]. Eating a variety of veg-
etables and fruits clearly ensures an adequate intake of potassium and most micro-nutrients,
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dietary fibre and a host of essential non-nutrient substances. The consumption of fruits and
vegetables can replace foods high in saturated fats, sugar or salt.

Balanced eating at all life stage, beginning with conception, is crucial for preventing chronic
diseases. Over the last two decades, growing evidence has shown that in utero, infant and
young child under-nutrition are directly linked to vulnerability to adult NCDs [2, 15].
Consequently, public health and nutrition interventions during the first 1000 days of life, or
from conception to 2 years of age, are encouraged.

It is globally accepted that deaths related to NCDs can be partly reduced by investments to
promote healthy diets following WHO’s recommended eating pattern among populations.
Appropriate information via food and nutrition labelling, as well as restrictions on the mar-
keting of unhealthy foods, are major interventions to promote healthy diets [16] (Figure 6).

4. Nutrition labelling

Consumer education is an efficient tool for addressing malnutrition challenges. However, it
must use effective messages, delivered by effective media and under the right environment.
Nutrition labelling on packaged foods is widely used as an educational tool to provide con-
sumers with nutrition information about specific food products. It is intentionally used as
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Figure 6. From healthy eating recommendations to different interventions for consumer education.
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a tool for enabling general consumers to select foods that are appropriate for their health.
Ideally, nutritionally educated consumers should be the demand for creating a healthy-food
environment. Moreover, nutrition labelling is also used as a marketing tool for the food
industry in terms of product reformulation and market expansion of packaged food products
around the world [11, 17].

According to the CODEX Guidelines on Nutrition Labelling (CAC/GL 2-1985), the nutrient
declaration should be mandated for all pre-packaged foods if nutrition or health claims are
made. Two formats exist for the nutrition labelling panel, namely, a traditional format and a
graphical format [17]. Nutrition labels using the traditional format are normally located on
the back side of food packages, while graphical format panels use a simplified format and are
located on the front side of a food package.

4.1. Traditional format nutrition labelling

The traditional format normally reports factual information about the nutrients found in a food
item. The patterns/panels and nutrients included vary among countries or regions depend-
ing upon priority nutrition issues. A basic panel contains a nutrient declaration and supple-
mentary information. For the nutrient declaration, essential key elements include amounts of
energy, protein, carbohydrates, sugars, fat, saturated fat and sodium, as well as vitamins and
minerals. Under certain circumstances, a nutrient may be declared differently. For example,
most nutrition panels identify sodium (in milligrams) as a nutrient, except in the EU nutrition
labelling panel that identifies it as a food item in terms of ‘salt in grams’. Surprisingly, the
explanation for this difference is for the same purpose, which is to avoid consumer confusion
and for their better understanding. In fact, in the CODEX Guidelines on Nutrition Labelling,
national authorities can choose to use the term “salt’ instead of the term ‘sodium’. This issue
highlights an interesting challenge for national authorities in developing educational strate-
gies for public awareness, especially in how to understand and use nutritional labelling most
effectively (Figure 7). Furthermore, the energy value and nutrient amounts can be expressed
based on different reference units, i.e. per 100 g or 100 mL or per serving or per package, with
percentages of nutrient reference values, particularly for vitamins and minerals. This situa-
tion might be due to different logics used during panel development. In fact, different refer-
ence units provide consumers with different views of information and usefulness. A reference
unit of per 100 g or 100 ml compares nutritional properties between food products of the same
category; whereas, a reference unit of per serving or per package is intended to inform con-
sumers about the amounts of energy and nutrients obtained in one eating.

Some nutrition panels also contain information on the percentage that a certain amount of a
consumed nutrient can fulfil in terms of daily requirements. Simply put for consumers, ‘what
percent of my daily requirements does this nutrient fulfil if consumed in a specific amount,
recommended serving, or serving size?” This information is shown as percent nutrient refer-
ence values (%NRVs) or percent daily intake (%DI). Unfortunately, this information does not
always appear in every panel format even though it is a useful guide for consumers.

Supplementary information located below the nutrition fact information usually consists of
certain reference numbers on daily requirements of the nutrients which have been used for
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Figure 7. Examples of nutrition labelling panels.

evaluating the percent contribution to needs of those nutrients. This supplementary informa-
tion is optional under the CODEX and can be included if it can provide consumers with better
information [11]. Recently, the US has changed its traditional nutrition labelling panel format
to remove certain complicated information in the nutrient list [18] (Figure 8).

Nutrition labelling is regulated differently in different countries in terms of being mandatory
or voluntary. Due to increasing concerns about overweight, obesity and NCDs, many coun-
tries are making nutrition labelling mandatory for all packaged food items. This stance is in
line with the most current CODEX amendment to the Guidelines on Nutrition Labelling. This
amendment recommends that nutrient declaration should be mandatory for all pre-packaged
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Figure 8. Comparison between original and new nutrition facts label of the United states Source:http://www.fda.gov/
Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/LabelingNutrition/ucm385663.htm.

foods, although nutrition or health claims are not made [11, 19]. Such implementation can be
found in the United States, Canada, Australia and New Zealand, amongst other countries,
where all pre-packaged foods, except for some certain food items, are mandated for nutri-
tion labelling. Under regulation (EU) No. 1169/2011 of the European Parliament and of the
Council of 25 October 2011, nutrition labelling will be mandatory for all pre-packaged foods
in European Union (EU) countries from December 13, 2016. In ASEAN countries, nutrition
labelling is still voluntary unless a nutrition or health claim is made.

Traditional nutrition labelling panels are not effective nutrition education tools for general
consumers, because consumers rarely use them to make informed food choices [20]. Cowburn
and Stockley conducted a systematic review on consumer understanding and use of nutrition
labelling. Their research showed that while a high number of consumers read nutrition label
panels, in reality the effect of the panels on their food choice decisions was low. In particular,
food panels that were more complex in terms of format hindered consumer understanding,
interpretation and use of the panels [20]. Similarly, Hammond and co-workers conducted a
systematic review of nutrition labels on packaged foods in seven developed and develop-
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ing countries. They highlighted that while overall prevalence of nutrition label use amongst
the general population in each country was generally high, it still varied across subgroups.
However, in terms of understanding, many consumers had difficulty in interpreting the quan-
titative information due to reading frequency, level of education, nutrition knowledge and
health status. Moreover, graphical formats were preferred, such as healthy symbols on front-
of-pack (FOP) labels. Nevertheless, both systematic reviews concluded that nutrition labelling
was a constructive and cost-effective intervention that can contribute to make informed food
choices. They also recommended that governments should try to find the most appropriate
and effective format that consumers can most easily access and understand [21]. Under these
circumstances, national authorities and non-governmental organizations in many countries
intend to simplify their current nutrition labelling panels into the easiest formats possible to
increase their use and promote healthier food choices and eating habits.

4.2. From ‘traditional’ to ‘graphical’

Although the number of persons affected by over-nutrition has grown, along with NCDS, few
of the most recognized intervention strategies have included providing effective consumer
education and creating a healthy food environment. Nonetheless, simplification of the tradi-
tional nutrition labelling panels has sparked the interest of many governments and non-gov-
ernmental organizations. To reduce consumer confusion in using the panels, greater attention
has been placed on those nutrients that have proven to be potential risk factors for NCDs and
excluding other nutrients usually listed on traditional nutrition labelling panels. Emphasis is
being placed on guiding consumers to make quicker, easier and more accurate buying deci-
sions. Likewise, food industries must be inspired and have greater opportunities to develop
products with better nutrition profiles and introduce them into the market at affordable prices
for consumers. In terms of format, a large area is often times needed to display the tradi-
tional nutrition labelling panel that is on the back of a food package or back-of-pack (BOP),
which hinders visibility and legibility. As an important consequence, the traditional format
may not encourage food industries to reformulate their products to have better nutrient pro-
files. Consequently, governments and non-governmental organizations have been working
towards simplified nutrition labelling to help consumers identify and make healthier food
choices at a glance.

4.3. Graphical format nutrition labelling

Initial interest in simplified nutrition labelling emerged in the late 1960s and was first devel-
oped by a non-profit organization (the American Heart Association) in 1987, followed by a
government sector (Swedish Food Administration) in 1989 in the form of heart check and
green keyhole symbols, respectively (Figure 9). The simplified nutrition labelling panel was
in a graphical format and located on the front of food packages or front-of-pack. The FOP
nutrition labelling panel became interesting and friendly for consumers.

Different FOP nutrition labelling panels were later developed in many parts of the world and
managed by different organizations, for example, food industries, government agencies, non-
profit organizations, food retailers and non-industry experts. To reduce panel complexity,
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Figure 9.Examples of Front-of-Pack nutrition labelling panels. Source: (a) http://www.heart.org/HEARTORG/
HealthyLiving/HeathyEating/Heart-CheckMarkCertification/Heart-Check-Mark-Certification_UCM_001179_
SubHomePage.jsp?pid=7bc18bff66f34f909&pcid=MP; (b) http://www.livsmedelsverket.se/en/food-and-content/
labelling/nyckelhalet/; (c) http://healthstarrating.gov.au/internet/healthstarrating/publishing.nsf/content/home; (d)
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/300886/2902158_FoP_Nutrition_2014.
pdf.

they contained information on “undesirable’ or ‘disqualified” nutrients including energy, fat,
saturated fat, trans fat, sugar and sodium. In some cases, more ‘desirable’ or ‘qualified” nutri-
ents were also included, such as dietary fibre or those nutrients that reduce the risks of NCDs.
Van Der Bend et al. studied 40 FOP nutrition labelling panels in use around the world and
they noted that undesirable nutrients as well as dietary fibre were the most common elements
contained in the panels [22] (Table 4).

The standards for these nutrients in foods or food products can be interpreted based either
on serving size, 100 g/ml, 100 kcal/k], daily value or a combination. Which standard is used
depends upon the one that consumers best understand and/or the one that is most agreeable
to the food industry. The design in terms of message, size, characteristics and panel location
should be one that consumers can easily see, remember and understand. However, it should
not make false or exaggerated claims about a product. The values used to establish criteria are
normally based on internationally recognized health guidelines as well as the unique character-
istics of food products. The established criteria usually are found as either independent qualify-
ing/disqualifying thresholds or relative to what is found in commercial products. The different
designs used in FOP nutrition labelling panels may require consumer input to determine what
is absolutely (non-directive), partly (semi-directive) or not at all (directive) needed [22].



206 Adiposity - Epidemiology and Treatment Modalities

Nutrient Percentage (%) use in FOP nutrition labelling panels
Dietary fibre 62.5
Protein 35
Calcium 30
Saturated fatty acids 75
Total sugar 62.5
Total fat 62.5
Sodium 62.5
Energy 525
Trans fatty acids 375
Cholesterol 30

Table 4. Percentages of nutrients normally found mentioning on the FOP nutrition labelling panels.

According to The Strategic Counsel, Toronto, Canada, at least 158 FOP nutrition labelling
panels are being implemented and these are divisible into four types, nutrient specific, sum-
mary indicator, food group information and hybrids [23]. Examples of these FOP nutrition
labelling panels are shown in Table 5.

1. Nutrient specific: This type of FOP panel contains four to five types of nutrients that should
be limited in order to reduce the risk of NCDs, that is energy, fat, saturated fat, sugar and
sodium. The information shown is generally in amounts of nutrients per serving, which
is not always the case and depending on a country’s context. In some instances, per 100
g or 100 ml or per package are also used. Percentages of daily requirement or maximum
consumption limits per day of the nutrients are additional information shown on these
panels. The presentation pattern can be shown as a sequence of rows or as a pie chart. The
pattern is presented either in monochrome or multi-chrome (normally consisting of three
colours similar to a traffic light).

2. Summary indicator: A summary indicator is represented only by a symbol that may or may
not imply good health. To have a summary indicator shown on the front of a food pack-
age, the nutrient profile of the food must pass the established nutrition standard for that
food, usually through comparisons on the nature of such food or food product. The criteria
mostly depend on the amount of undesirable nutrients removed, reduced or contained.

3. Food group information: This type of FOP nutrition labelling panel is based on the existence
of certain food groups or food items that should be consumed in greater amounts to reduce
the risk of NCDs. The terminologies used for identifying food items on the panel are nor-
mally similar to those recommended in a country’s food-based dietary guidelines and aim-
ing for better consumer understanding.

4. Hybrids: More than one type of FOP nutrition labelling panel can be shown on the same
package, which should provide additional information on different aspects to increase
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Nutrient specific Summary indicator Food group Hybrids
information
MNon-evaluative
Nutrient monochrome GDA
food group Food group
content information
* My Pyramid
* “Greal For You"
icon (Walmart)
X
» whole grains council
51
"HE
Evaluative or interpretative
Ordinal rating » Health Star Rating —
scale Australia
Classification | « Multichrome In affiliated with the
GDA Singapore HCS
PRSP
« Traffic light
Conclusive
Qualifying * Healthier Choice + Health Star Rating
or {Choices ngmm} — Australia
disqualifying 5"3‘&' —_—_——.
threshold LN
criteria » Keyhole * Singaporcan
o Healthier Choice
Symbaol
» Healthier Choice (TH) PN
@) &
7, =
Relative e Healthier Choice (TH)
criteria I./-F;-:,::I
fe®
\o/

Source: Van Der Bend et al. [22], www healthierlogo.com.

Table 5. Examples of each type of FOP nutrition labelling panels..
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consumer understanding. For example, a summary indicator panel provides information
for purchasing decisions, while an additional nutrient specific type panel explains the ben-
eficial nutrient profile of the product.

Within the same type of FOP nutrition labelling panel, messages can provide different levels
of information. A deeper informative message should have a higher impact on consumer
decision-making, especially for those with health concerns. However, such a message must
be developed through a process of evaluation, interpretation and conclusion as provided by
different sectors, that is government, NGOs, food businesses, consumer protection agency
and academics.

The degree of informativeness can be ranked at three levels.

1. Non-evaluative or non-directive: The information shown on monochrome FOP nutrient
specific and food group information panels are based on this level of informativeness.
Fact-based information on nutritive values of the selected nutrients is shown. The input is
only on selecting certain information from traditional BOP nutrition labelling panels and
reporting it in a simplified format or indicating what beneficial natural food group the
product contains. Consequently, all foods can have a monochrome nutrient specific type
of FOP panel with no need for further screening or evaluation by any party, as long as a
complete data set for the required nutrients exists. At this level of informativeness, a FOP
nutrient specific panel is suitable for more knowledgeable consumers since there is limited
guidance. Additional information, such as percent contribution to the recommended daily
intake, may not be understandable by most consumers as well. For food group information
panels, the food group that is recommended for greater consumption is already visible.
Hence, it should be easy for consumers to make a decision.

2. Evaluative or interpretative or semi-directive: Nutrition criteria are normally developed for
categories of foods based on the FAO/WHO recommendations for energy, protein and
nutrient requirements and using the nutrition criteria of four to five undesirable nutrients
for meals, snacks and beverages. The criteria are usually developed into three levels of risk
classification for each nutrient of each food category, that is high risk, potentially high risk
and low risk. The multi-chrome FOP nutrient specific type panel is an example of a prod-
uct at this level of informativeness. The amount and percent recommended daily intake
of nutrients are listed with the NCDs risk evaluation. The risk evaluation result is indi-
cated as colours, and usually as traffic light colours where red, amber and green indicate
high, potentially high and low risk, respectively. Consumers can classify a food or a food
product as good or bad depending upon the numbers of red, amber and green colours pre-
sented. The FOP summary indicator panel at this level is being implemented in Australia
and the USA. Australia’s Star® and the United States” Nu Val® are good examples of the
use of this level for ordinal rating, wherein the risk evaluation is presented as number of
stars or a full score of 100, respectively. The more stars there are, or the higher the score, the
healthier the products. The application of this level of informativeness, either in the FOP
nutrient specific or summary indicator type, still requires consumers to make independent
judgments.
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3. Conclusive or directive: A holistic nutrition standard for each food or food product is devel-
oped at this level of informativeness in either a positive or negative direction with the aim
of reducing the risks of NCDs. Similar to the evaluative and interpretative levels, develop-
ment must involve academicians and stakeholders. However, the criteria implemented at
this level must provide a clear judgment in terms of qualified/disqualified or pass/non-pass
in order to allow the use of a specific symbol on a product’s FOP. Normally, the nutrition
standard is specifically developed for each food product with regard to its nature, which
may be as a threshold value or ability to reduce the undesirable nutrient(s) associated with
NCDs risk that are normally high in such food or food product. Criteria can be developed
based on reference values found in food products of the same type or group that are avail-
able in the market. These can be single or multiple criteria depending on the nature of
the product. In practice, the criteria can be ideal, but they must also be feasible for food
industries. For example, the nutrition standard for fish sauce is <6000 mg of sodium per
100 ml, which is a 30% reduction from what is normally found in the market (9000 mg per
100 ml). The nutrition standard for beverages is <6% sugar, which is a 50% reduction from
12% in generally marketed beverages. Sodium and sugar represent single criterion that
have been developed relative to commercial products. An example of multiple criteria is
milk, wherein the nutrition standard includes no sugar added and <1.5% fat. These criteria
are independently developed as threshold values. The input of this informativeness level
results in products that are deemed to be nutritionally healthier than others of the same
type or group that are available in the market. Only products that pass screening with their
nutrition standards qualify for these specific symbols. Most summary indicator types are
developed at this level of informativeness.

4.4. A note of caution

A simplified FOP nutrition labelling panel aims to ease the lives of consumers by providing
decision-making guidance based on scientific evidence. However, consumers tend to inter-
pret panels that contain higher levels of informativeness in terms of ‘claims’. Consequently,
the processes used for nutrition standard development, as well as consumer communication,
must be conducted carefully and take into account the available international standard found
in the Codex Alimentarius on nutrition and health claims. For example, the green colour on
a multi-chrome FOP nutrient specific type panel can be understood as a ‘nutrition claim’. An
FOP summary indicator can be understood either as a nutrition or health claim in terms of its
environmental factors. An FOP summary indicator with a description of a food category and
dominate nutrient (either higher or lower) can be interpreted as a nutrition claim, while ones
with no description can be understood either way. Take, for example, the first two symbols
on the green key hole and heart check symbol FOP nutrition labelling panels. Even though
these two different symbols might have been developed from the same criteria found in a
nutrient profile, they may affect consumer recognition differently. Since the green keyhole
symbol was issued by the government authority that controls food quality and safety, it may
be interpreted by consumers as a nutrition or health claim. Consequently, it is necessary for
the government or issuing organization to either provide adequate information that the symbol
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has been issued based on the product’s nutrient profile, not health impact, or indicate the FOP
nutrition labelling panel is a hybrid type comprised of other types of FOP nutrition label-
ling, such as GDAs. Furthermore, consumers may interpret a symbol issued by a professional
health association as a health claim. For the heart check symbol, the product might be inter-
preted in terms of lowering the risk for cardiovascular diseases. Consequently, harmonization
of established standards with local and international standards and regulations should also
be taken into consideration.

4.5. Outcome and expectation

While traditional BOP nutrition labelling panels are mandatory in most countries, the FOP
nutrition labelling panels are implemented mainly on a voluntary basis. The exception is the
monochrome Guideline Daily Amounts (GDAs) panel that is preferred by the food industry
and has become mandated in some countries. After nutrition standards have been developed
and accepted, the food industry is the first stakeholder that is actively involved. Products that
have met their nutritional standards should be promoted first. Product development research
should be performed continuously in order to offer more product choices in the market by
changing composition and/or reformulating using new ingredients and/or replacers. In addi-
tion, new products with acceptable nutrient profiles can also be introduced into the market.
Figure 10 indicates the numbers of food products that have been sorted, reformulated and
developed with regard to the Choice International® criteria.

Reduction in packaging size to fit with minimum serving size can also improve a product’s
nutrient profile as well as consumer behaviour. Consumers tend to eat a larger amount of
food if that food is served/packaged in a larger serving size. To launch a qualified food
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Figure 10. Total numbers of products that were newly developed, reformulated or already complaint with the Choice
International® criteria (slide 26 Canada slide). Source: Ellis L Vyth et al. (2010) [24].
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product (original, reformulated, newly developed) in the market, costs due to labelling
changes is unavoidably increase. Hence, there must be a grace period for utilizing left-over
packages and printing new ones. The concept used for advertising and promoting the FOP
nutrition labelling panel must then include NCD risk, the purpose of which is for consumer
education. For most consumers, sensory quality is an important issue and oftentimes more
important than nutritional quality. The most conservative strategy is to improve the nutri-
ent profile of a product but still maintain its original sensory quality. This may involve
replacing normally-used ingredients with substitutes or replacers for salt, sugar or fat.
Consumer behaviours may not change for the better if those undesirable nutrients are not
replaced with acceptable ones. Since change in consumer eating behaviours towards better
nutrition is the paramount goal, the promotion message sometimes must guide consumers
to partly modify their sensory preference in order to gain better nutrition. However, this is
a difficult process and takes time, but it must be urgently started. Marketing and logistics
strategies are equally important as part of the promotion strategy, since the products must
be widely available for consumers at affordable prices. If both main players—consumers
and the food industry —satisfactorily respond to a program, the outcomes should have ben-
eficial impacts for health and marketing.

Table 5 also indicates that external factors (i.e. community, culture) and internal factors (i.e.
individual) can influence expected outcomes. Inputs from government and non-governmen-
tal agencies on several important issues, such as nutrition education, preventive medical care
policy, support for nutritious food production and promotion in relationship to the food
culture, are examples of external factors that can significantly influence to stakeholders. For
consumers at the demand side, their buying decisions can also be influenced by individual
factors, such as educational background, socioeconomic status, health status and awareness.

The program’s outcomes should initially benefit consumers and food industries in terms of
availability of nutritious foods in the market and increased product sales, respectively. In
the long-term, it is expected that the information that is provided through the FOP nutrition
labelling panel should serve as a nutrition education tool for changing consumers’ eating
behaviours, especially in terms of preference for undesirable nutrients.

A number of studies have evaluated the impacts of FOP nutrition labelling on consumer and
industrial sides. Methodologies, such as self-reporting and focus groups, have been used to
evaluate understanding and use of the FOP nutrition labelling panel among consumers in
terms of their food purchasing decisions. Observational studies estimated the impact of FOP
nutrition labelling panel on consumers’” selection. Indicators, such as increased numbers of
qualified product sales as well as reformulated and newly developed products in the market,
were used to determine the impact of FOP nutrition labelling among industries. In addition,
the impact of FOP nutrition labelling on nutrient intake and health outcomes can be evaluated
from national food consumption and national nutrition surveys [25].

Many studies have shown that the FOP nutrition labelling panel has been quite helpful to con-
sumers and their food choice decisions [25, 26]. Moreover, the simpler format for FOP nutrition
labelling panels (e.g. Healthier Choice Tick, Smileys and Stars) is more effective than complex
ones (e.g. Multiple Traffic Light, Wheel of Health, GDA scores), since consumers can more
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1" Example: Thailand’s Healthier Choices for Meal

Character:
Source: hitp:healithierlogo.com/
Based on scorings of 4 desirable nutrients: protein, fiber, calcium, and
Criteria: iron, and 4 undesirable nutrients: total fat, saturated fat, total sugar, and
riteriaz sodium. The score ranges from 0-5 (0 — worst to 5 — best) regarding the
content of each nutrient per 100 keal, in which the full score is 40,
The qualifying thresholds are: (i) Energy per serving is 250-500 kcal,
(1) Score for each undesirable nutrient is > 0, and (ii1) Total score is = 20,
Type: Summary indicator; Multiple criteria; Informativeness: Conclusive
(Qualifying or disqualifying threshold)
Ta“:ig;:lginn- Government, Non-profit organization

2" Example: Thailand’s Monochrome Guideline Daily Amounts (GDAs)

e e

Sl ke 10 01 .t

Tl e tan

[ Sapar Fat Soxfiam

Character: sortvoner | e - R
L gram -

A D > O &>

=caiculate #n prmcertape of masiem intske per diry

Source: Attachment to the Announcement of the Ministry of Public Health (Mo, 374) B.E.2559
(2016) Re. Food products Required 1o bear Nutrition Labelling and energy value, sugar, fat, sodium
on the labels of some kinds of foods Guideline Daily Amounts, GDA Labelling

The panel consists of energy value, contents of undesirable nutrients,
Criteria: and percentages of recommended daily intake (%DI) per package. This FOP
nutrition labelling panel is presently applied in snack foods, chocolate and
similar products, certain bakery products, instant noodles and porridge, and
chilled and frozen ready-to-eat meals.

Type: Nutrient specific; MNo specific criteria; Informativeness: Non-
evaluative (Nutrient)

Managing
organization: Government
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3™ Example: United Kingdom's Multichrome Guideline Daily Amounts

WP, ¢

Character: arhr 1%
of an adult’s reference inta
Typical values (as sold) per 100q: Energy 966k) / 230kcal
Source:
hutps:/www, gov.uk/govemmentuploads/systemvuploads/atiachment_data/file/ 30088620021 58_FoP
Nutrition_2014.pdf
The energy value and contents of undesirable nutrients as well as their
percentages in terms of adult reference intake (%RI) are shown on the panel
as per one serving, However, the evaluation using color coding is performed
based on the criteria shown in the table below after the values have been
converted into per 100 g or 100 ml.
Text
Colour
Criteria: c::f o =30gto < > 175001 a1 .
<3.08/100g 17.5g/100g -S¢/100g g/portion
=15gw= .
Saturates | = 1.5g/100g S 01008 =50g/100g | > 6.0pportion
{Total) =50z and < .
Sugars = 5.02/100g 2258 /100g =22.5p/100g | =27 porion
=03gio s ]
Salt <0.3g/100g s aﬁ o0g >15g100g | >1.8g/poriion
(Department of Health, the Food Standards Agency, and devolved administrations in
Scotland, Northern Ireland and Wales in collaboration with the British Retail Consortium,
2003, p.14)
Type: Nutrient specific; Multiple criteria; Informativeness: Evaluative and
Interpretative (classification)
Managing Government

organization:

4™ Example: Australia’s Health Star Rating (HSR)

Character:

Source: hitp:/healthstarrating gov.aw/intemnet healthstarrating publishing nsffcontent home
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Energy value, 3 undesirable nutrients, and 2 desirable nutrients (i.e., protein
and fibre) indicated in one capsule as “nutrient” are shown on the panel as

Criteria: per package or per serving or per 100 g or 100 ml. However, the amounts
are then converted into per 100 g or 100 ml and scored using established
scoring criteria with a full score of 5.0 points. The calculated score is shown
as numerically and in a darkened zone. The amount of nutrient per 100 g or
100 ml is evaluated for the “nutrient claim” message.

Type: Hybrid; Multiple criteria; Informativeness: Evaluative and interpretative
{Ordinal rating scale)

Mana_ging_ Govemnment

organization:

5" Example: USA’s whole grains council stamp

Character: é :r:
EAT 48g OR MORE OF EAT 48g OR MORE OF
WHOLE GRAINS DAILY WHOLE GRAINS DAILY
{(a) 100 % Stamp (b) Basic Stamp
Source: hitp:‘wholegrainscouncil. org'whole-grain-stamp
. (a) 100% Stamp — Product contains only whole grains of at least 16 g
Criteria: per serving.
(b) Basic stamp - Product contain whole grain of at least 8 g per
serving.
Tyoe: Food group information; Single criteria; Informativeness: Non-
ype: Evaluative (food group content)
Man aging Non-government (Whole Grains Council)
organization;

Table 6. Examples of the implemented front- of pack nutrition labelling panels.

quickly select healthier food choices [27]. Furthermore, FOP nutrition labelling panels imple-
mented by national authorities have more credibility. The wide variety of FOP nutrition labelling
panels of different designs and criteria that are being implemented worldwide, however, can be
confusing for consumers, which leads to misinterpretation and hinder their effectiveness [28].
Consequently, it has been suggested that a single format should be implemented. Before begin-
ning the panel harmonization process, the use of a simple visual model, the so-called ‘Funnel
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Model’ that was developed by Van Der Bend et al. can be effectively used to evaluate available
FOP nutrition labelling panels on the market worldwide. The model aims to illustrate, describe
and compare all existing FOP nutrient profiling systems based on qualifying and disqualifying
ingredients, reference units, purposes of use, methodological approaches, types of organizations
and directivity [22]. Moreover, it also provides an overview of the different characteristics of
each FOP in use. The model then can be used as a tool for situation analysis and provide efficient
information for establishing a single format of FOP nutrition labelling panel (Table 6).

4.6. Range of applications

The main purpose of FOP nutrition labelling panel is to enable consumers to select pre-pack-
aged food products that have better nutrient profiles in reducing the risks of NCDs. Another
indirect benefit, which should also be a main purpose, is to educate consumers and improve
their daily eating behaviours. Industries can use established nutrition standards as one of
the criteria for product development. Since NCDs have become a global nutrition challenge,
international and national government agencies tend to implement certain strategies for con-
trolling unhealthy food products in the market, especially those high in fat, sugar and sodium.
High taxation for food products that contain excessive amounts of fat, sugar or sodium is one
strategy that has been used in some countries. Policy-makers can use the standard in the FOP
nutrition labelling panel as a guideline to impose higher taxes, such as sugar a tax on sugary
drinks. Regarding WHO concerns on the marketing of foods and beverages to children, the
FOP nutrition labelling panel can be used as a screening tool for foods and beverages to be
sold in schools and areas nearby, as well as for advertisements aimed at children. Foods and
beverages that pass the nutrition standard can be included in the country’s FBDGs, which
is the guideline for the general population. Moreover, the FOP nutrition labelling panel can
also be used for product promotion in international trade, wherein a better nutrient profile
can add value to exported products, especially since the panel has been mutually recognized.
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Abstract

Beta-3 adrenergic receptors have important physiological implications, being expressed
in many places in the body, including brown adipose tissue. Of the effects studied in
preclinical research on lipid metabolism attributable to stimulation of these receptors, we
canmention the increased thermogenesis and metabolic rate in the brown adipose tissue,
reduction of body weight in obese diabetic rats, lowering of intra-abdominal and
subepithelial fat in nonobese and nondiabetic rats, decrease of triglyceride, and increase
of HDL cholesterol levels. Carbohydrate metabolismis also changed by beta-3 adrenergic
agonists, the most prevalent effects being blood glucose lowering in diabetic rats,
increasing insulin secretion of the pancreas, or increasing glucose tolerance. Metabolic
effects of 13 newly synthesized compounds of beta-phenylethylamine structure and
reference BRL 37344 were investigated in order to identify a potential affinity for beta-3
adrenergic receptors. The antidiabetic and hypolipemiant effects were investigated on a
rat model of alloxan-induced diabetes. The results demonstrated that new beta-
phenylethylamine derivatives produced marked biological activity over lipid profile. All
compounds have markedly decreased the values of total cholesterol, LDL cholesterol,
and triglycerides and also have increased the values of antiatherogenic HDL cholesterol.
The effects were significantly more intense than the reference substance BRL 37344.

Keywords: beta-3 adrenergic agonists, antidiabetic, hypolipemiant, glucose-6-phos-
phate dehydrogenase, glucose-6-phosphatase, hexokinase, beta-phenylethylamine
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1. Introduction

The sympathetic nervous system is part of the autonomic nervous system and innervates
tissues in almost every organ system. Adrenergic system is important for maintaining the
organism homeostasis and mediates the neuronal and hormonal stress response commonly
known as the fight-or-flight response.

Central and peripheral adrenergic neurotransmitters are epinephrine and norepinephrine,
which act on their specific adrenergic receptors.

Adrenergic receptors types

and subtypes

Tissue localization

Dominant effects

a-Adrenergic Oyp Heart, blood vessels, smooth muscle, liver, Contraction of vascular smooth muscle;
receptors lung, vas deferens, prostate, cerebellum, vasoconstriction of large resistant
cortex, hippocampus arterioles in skeletal muscle
Qg Heart, kidney, spleen, lung, blood vessels, Promotes cardiac growth and structure
cortex, brainstem
yp Aorta, coronary artery, platelets, prostate, ~ Vasoconstriction in aorta and coronary
cortex, hippocampus artery
O Sympathetic neurons, platelets, pancreas, =~ Main inhibitory receptor on sympathetic
locus coeruleus, brainstem, spinal cord neurons
Qg Liver, kidney, pancreas, blood vessels Mediates o, vasoconstriction
Oy Basal ganglia, cortex, cerebellum, Modulates dopamine neurotransmission
hippocampus Inhibits hormone release from adrenal
medulla
B-Adrenergic By Heart, kidney, skeletal muscle, cortex, Positive inotropic and chronotropic
receptors olfactory nucleus, brain stem effects
B Bronchial and gastrointestinal smooth Smooth muscle relaxation, skeletal
muscle, blood vessels, heart, lung, skeletal muscle hypertrophy
muscle, cortex
Bs Adipose tissue, gastrointestinal tract, Lipolysis, thermogenesis, relaxation of

gallbladder, urinary bladder

the bladder

Tissue localization and dominant effects (after Goodman & Gillman’s 2011, modified).

Table 1. Types and subtypes of adrenergic receptors.

Adrenergic receptors were described for the first time by Ahlquist in 1948, who hypothesized
the existence of two different types of receptors, a and 3, based on the consideration that
adrenaline, noradrenaline, and other pharmacological agonists regulate various physiological
functions [1]. This differentiation of receptors was confirmed by the finding that there are
antagonists, which selectively block a receptors (e.g., phenoxybenzamine or phentolamine) or
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[3 receptors (e.g., propranolol). Every type of adrenergic receptors has different subtypes,
which are mentioned in Table 1 [2-4].

1.1. Beta-3 adrenergic receptor discovery and structure

In the early 1980s, Tan S and Curtis-Prior PB proposed the term of beta-3 or beta-hybrid
receptor for a new type of beta-adrenergic receptor, based on some studies of four beta-
adrenergic agonists on isolated rat adipose cells. They observed that lipolytic potency de-
creased in the order: isoprenaline (beta-1 and beta-2 agonist) > noradrenaline (beta-1 >>>beta-2
agonist) > salbutamol (beta-2 agonist) > prenalterol (beta-1 agonist). They also studied the
effects of some beta-antagonists on lipolysis induced by various agonists. Propranolol
(nonselective beta-antagonist) was more potent than betaxolol (selective beta-1 antagonist) or
ICI 118551 (selective beta-2 antagonist). All results conducted to the idea that lipolysis in
adipose tissue is regulated by other adrenergic receptor than the classical ones, beta-1 and
beta-2 [5].

In 1989, Emorine et al. first characterized beta-3 receptor by discovering the gene that enco-
desit[6]. Before that Arch et al. observed that some nonspecific classical beta-receptor agonists,
named BRL 26830A, BRL 33725A, and BRL 35135A, had antiobesity actions on obese and
diabetic mice [7].

Further studies have shown that beta-3 receptor is different than beta-1 and beta-2 by some
important issues:

—  the specific agonists CL 316243 and BRL37344 stimulate only beta-3 receptor [8, 9];
- lack of beta-3 receptor desensitization after agonists activation [10]; and
—  the need to use larger quantities of catecholamines to stimulate beta-3 receptors [11].

The structures of beta-1, beta-2, and beta-3 receptors are similar, being all members of G
protein-coupled receptors. Beta-3 receptor is a protein which contains 396 amino acids, found
in seven transmembrane segments, with three intracellular and three extracellular loops. The
amino-terminal region is extracellular, glycosylated, and with variable length. The carboxyl-
terminal region is intracellular and it does not possess phosphorylation sites, which are present
at beta-1 and beta-2 receptors. Essential for interaction with the ligands are the disulfide bond
between the second and the third extracellular loops and also four of the seven transmembrane
segments. Other two segments are implicated in G-protein stimulation, with adenylate cyclase
and second messenger activation [12].

1.2. Metabolic effects of beta-3 adrenergic receptor stimulation

Some of the most important effects of beta-3 receptor activation are the metabolic ones,
especially in the brown adipose tissue. This thermogenic tissue has the role of keeping
constant body core temperature of small animals at cold ambient temperatures. Stimulation
of beta-3 adrenergic receptors not only activates brown adipose tissue thermogenesis in the
short term, but also increases mitochondrial biogenesis and the expression of thermogenin

221



222 Adiposity - Epidemiology and Treatment Modalities

(UCP1) [13-15]. This protein mediates transport across the internal mitochondrial membrane
and interrupts oxidative phosphorylation of the beta oxidation of fatty acids, increasing the
use of energy [16]. There have been investigations about the effects of beta-3 adrenergic
agonists on thermogenin. The results have shown that beta-3 agonists activated thermogenin,
and also other uncoupling proteins, as follows:

* UCP2 that is found in many tissues.
* UCP3 that is found in skeletal muscle and has an important role in basal thermogenesis [17].

The stimulation of thermogenesis by beta-3 adrenergic agonists resulted in a number of
experimental studies, which have shown that in animals, these substances lead to weight loss,
a selective fat decrease, but without reducing food intake [18].

An in vitro study was performed on cells with high levels of beta-3 adrenoreceptors such as
the adipocytes of the murine cell line 3T3-F442A. The study demonstrated that insulin and
glucocorticoids downregulate beta-3 adrenoreceptor expression through a transcriptional
effect. The impairment of beta-3 adrenoceptor gene expression in adipocytes of congenitally
obese ob/ob mice could be related to the higher glucocorticoid plasma levels when compared
to lean mice [19].

The main studied metabolic actions in preclinical research of beta-3 adrenergic agonists were
the reduction of plasma insulin levels, increase glucose tolerance, and reducing body weight
in obese diabetic rats. The major implication of beta-3 adrenergic receptor in glucose metabo-
lism and hence in the release of insulin and in obesity has been demonstrated [20, 21].

The development of beta-3 adrenergic agonists was a step forward for the treatment of
metabolic diseases by sympathetic activation, because norepinephrine and other relative
nonselective derivatives have cardiovascular side effects which limit their use.

1.3. Preclinical studies of beta-3 agonists on carbohydrate and lipid metabolism

Numerous nonclinical studies have shown that administration of beta-3 agonists decreased
glucose and lipids plasma concentrations in diabetic mice derived from genetically modified
strains (kk, C57BL/Ks]- db/db) or in rats with experimentally induced diabetes [22, 23].

Several mechanisms of action were highlighted and reported:
- improving insulin resistance and increased tissue response to insulin [24],
- increasing insulin secretion in beta cells of the pancreas [25],

— decrease in glucose release from the liver, increase noninsulin-dependent uptake of
glucose from white and brown adipose tissue and skeletal muscles [26], and

—  increase of glucose tolerance at doses lower than those that stimulate lipolysis in adipose
tissue, without affecting the amount of food intake or body weight [27].

The nonclinical research for proving the effects of beta-3 agonists on obesity were conducted
on rodent species [28-30] from various strains, both normal and genetically modified to
generate predisposition to obesity.
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Studies in obese rats treated with the selective beta-3 adrenergic agonists have shown a
significant reduction in body weight and reduction of adipose tissue, without food intake being
affected by them. It was also demonstrated that an increase of two to three times of the mRNA
level and of UCP-type protein, as well as of the guanidine 5'-diphosphate coupled, a relevant
index of thermogenesis, in brown and white adipose tissues for the tested rats. In addition, it
has been found, after the administration of beta-3 adrenergic agonists, an improvement of
glucose tolerance and a decrease of hyperinsulinemia. The researchers suggested two possible
mechanisms for defining this aspect, increase of the number of insulin receptors or decrease
of glucose transporters in brown and white adipose tissues, which implies an increase in
glucose uptake into muscle tissue [31].

Lorente Ferrer et al. investigated the effect of beta-3 receptors agonists on thermogenesis in
deep adipose tissue. In general, these agonists increase energy consumption but their effects
are quickly counteracted by glucocorticoids. Thus, their potential for long-term treatment of
obesity is reduced. Since the metabolic effects of beta-3 receptor agonists (3;A) overlap only
partially with those of oleoyl-estrone (OE) (loss of appetite, weight change, loss of body fat),
the possibility of combining them in the energy balance in order to accelerate the decrease of
fat deposits was studied. Rats receiving OE or OE + 3;A significantly reduced weight compared
with the control group, the maximum reduction corresponding to the group which received
the combination [32].

The effect of beta-3 adrenergic receptor agonists was investigated on two strains of rats with
different genetic predisposition to obesity: male rats aged 8 weeks Osborne Mendel (OM) strain
and S5B/P1 (S5B) strain. Animals were treated with beta-3 adrenergic agonist CL316243 after
they have been adapted to either a high fat diet (56% fat-based energy) or low fat (10% fat-
based energy), but both equivalent diets in terms of protein content (24% based on protein
energy). The animals were fed ad libitum and were injected with CL316243 in three doses: 0.1;
0.3; and 3 mg/kg at the beginning of the night. Food intake was measured at 1, 3, and 24 hours
after injection. The results showed that CL316243 significantly reduced food intake for all
measurements, in both types of rats. Inhibition of food intake was still higher in S5B-type mice.
CL316243 significantly decreased serum leptin and serum glucose at both types of rats,
especially at S5B. In OM rats, beta-3 adrenergic agonist increased serum insulin levels, while
in S5B rats fed with a low-fat diet, the level of serum insulin decreased. In another experiment,
CL316243 was administered to rats kept fasting overnight. It was observed after 30 minutes a
significant reduction in insulin levels in both types, more pronounced in S5B. The glucose level
in OM rats decreased after 30 and 60 minutes, while in rats S5B a decrease was observed only
after 30 minutes from the administration. Experiments have shown that beta-3 agonist
CL316243 has a much more obvious effect on rat strain resistant to obesity induced by high-
fat diet [33].

Another study used a transgenic model of mice, lacking beta-3 adrenergic receptors. CL316243
blocked the activation of adenylate cyclase and lipolysis when it was administered to these
mice. A modest growth of fat tissues especially in females was observed. These mice showed
an increase in the level of mRNA for beta-1 receptor, but not for receptor beta-2. This showed
a functional compensation between the genes for beta-1 and beta-3 receptors. Finally, a sharp
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increase of insulin levels and lipolysis after administration of CL316243 in normal mice was
noted; effects were not found after administration of beta-3 adrenergic agonists in beta-3
receptor-deficient mice [34].

In another model of knockout mice lacking functional beta-3 adrenoreceptors, there were no
responses for food intake and insulin secretion in white and brown adipocytes after adminis-
tration of beta-3 adrenergic agonist CL316243, indicating the implication of beta-3 receptors in
these metabolic effects [35].

An increase in insulin levels during “fasted/fed” transition in rats has been demonstrated,
associated with a decrease in the mRNA level of beta-3 adrenergic receptor and a decrease of
the response in brown and white adipose tissues. It was concluded that there is a close
relationship between the food intake, plasma levels of insulin, and beta-3 adrenergic receptors.
Downregulation of the beta-3 receptors could be a possible mechanism by which insulin
determines lipid storage and prevents lipid mobilization after food intake [36].

In another study, CL316243 was administered in obese diabetic KKAy mice for 2 weeks. The
results showed a decrease of serum levels of glucose, insulin, triglyceride, free fatty acid, and
tumor necrosis factor-alpha (INF-alpha) and an increase of adiponectin. The beta-3 adrenergic
receptor agonist recovered the mRNA expressions of adiponectin, adiponectin receptors, and
beta-3 adrenoreceptor, which were reduced in epididymal white adipose tissue in KKAy mice.
Also, CL316243 suppressed the overexpressed mRNA level of TNF-alpha in both epididymal
white and brown adipose tissues. It was concluded that the normalization of adiponectin,
adiponectin receptors and TNF-alpha could contribute at the amelioration of obesity-induced
insulin resistance [28].

In the study conducted on nonobese/nondiabetic Sprague-Dawley rats, the selective beta-3
agonist CL 312243 increased food intake, metabolic rate, and body temperature after 7 days of
treatment. The author also showed a decrease in intra-abdominal and subepithelial fat, a
hepatic glucose level independent of variations in body weight, an increase in interscapular
fat, and in total glucose, which stimulates the production of insulin. According to the results,
only white and brown adipose tissues have been affected. A more important role of adipose
tissue in glucose uptake underlining the potential role of beta-3 adrenergic agonist drugs for
the treatment of obesity and insulin-resistant diabetes was suggested [8].

By a critical analysis of the published data in nonclinical research, it was concluded that beta-3
adrenergic receptor activation in the experiment-induced diabetes and obesity [37, 38]
determines an increase of glucose tolerance and lipolysis activation in adipose tissue [22]. It
seems that the effects are dose dependent and the selectivity of actions for glucose metabolism
occurs at lower doses than those used for influencing lipid metabolism.

Comparing the effects of beta-3 agonists in rats and humans, Arch and Wilson stated that these
compounds, with remarkable effects on rodents, have not convinced in clinical studies because
of limited efficacy or serious side effects. The explanations mentioned by the authors included
low pharmacokinetic properties and a low biotransformation to active compounds. A possible
more important distinction between rats and humans is the different structure of beta-3
receptors, leading to lower efficacy of compounds in humans than in rats. In addition, it seems
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that the number of beta-3 receptors is lower than beta-1 and beta-2 receptors in the tissues that
mediate thermogenesis in humans [39]. This is one of the reasons why the clinical studies
conducted on beta-3 selective agonists had some contradictory results.

Mirabegron, a currently approved drug for the treatment of overactive bladder, was recently
studied in humans for its effects on brown adipose tissue. This drug has several advantages
over other members of its class, including a higher bioavailability and a higher in vitro affinity
for the human beta-3 adrenoreceptor. Mirabegron was orally administered in the dose of 200
mg to 12 healthy male subjects with detectable brown adipose tissue. The results showed that
all treated subjects had a higher brown adipose tissue metabolic activity, measured with '*F-
fluorodeoxyglucose ("F-FDG) using positron emission tomography (PET) combined with
computed tomography (CT). These are promising results for a possible future use of beta3
agonists for metabolic disease [40].

Based on all these preclinical and clinical considerations new chemical entities with beta-
phenylethylamine nucleus, substituted in various positions on the nucleus or side chain, with
potential action on diabetes and/or obesity were synthesized [41, 42]. Chemists led synthesis
in order to obtain derivatives with increased beta-3 receptor selectivity. The compounds were
conventionally named A1-BPhEA-A13-BPhEA (Figure 1).

(|IlH C|H3
CH—CH,—NH—CH—CH,-Y

e X =H, alkoxy, halogen, dihalogen
® Y =4-carbopropoxy-phenoxy, 4-carbomethoxymethylene-phenoxy, 4-carbomethoxyethylene-phenoxy

Figure 1. General structure of the newly synthesized compounds. X = H, alkoxy, halogen, dihalogen; Y = 4-carbopro-
poxy-phenoxy, 4-carbomethoxymethylene-phenoxy, 4-carbomethoxyethylene-phenoxy.

2. Objectives

The purpose of this study was to test the effects of the newly synthesized compounds over
lipid profile and body weight of rats to which alloxanic diabetes was induced, being a known
fact that this metabolic disorder induces alterations in plasma lipids.

Alloxan was chosen for induction of type II diabetes mellitus because its pancreatic toxicity
was demonstrated in nonclinical trials using isolated islet cell or entire perfused rat pancreas
and afterwards by directly administering the substance to rodent or nonrodent animals. In the
first stage, alloxan stimulates on short-term insulin secretion, which is followed by total
suppression of the response of the islet cells to glucose, regardless of its concentration [43].
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Alloxan is readily absorbed by beta pancreatic cell, a process that contributes to diabetogenic
action. Its absorption also takes place in liver although hepatocytes are more resilient to its
action compared to beta cells, therefore more protected against its toxicity [44].

2.1. Mechanism of alloxan toxicity

The mechanism of toxic action resides in formation of reactive species of oxygen [45], the
alloxan exhibiting increased affinity to substrates containing thiolic groups (reduced gluta-
thione, cysteine, proteins with sulfide groups, enzymes) [46]. The product of alloxan reduction,
the dialuric acid, is reoxidized to alloxan, the redox cycle thus formed being responsible for
releasing superoxide radicals—see Figure 2 [47].

AH2+ O2 — AH: + Oz + H*

AH: +O2 5> A+ Oz +H*

AH2 + O2-+ H*— AH- + H202
AH: + 2+ H* - A+ H0O2

H202 +e- — OH-* + OH-

Fe?+ H202— Fe3* + OH- + OH-
Net: Oz2+-+ H202— O2 + OH* + OH-

Figure 2. Mechanism of diabetes induction by administration of alloxan [47]. A, Alloxan; AH-, alloxan radical; AH,,
dialuric acid; O,, superoxide radical; OH:, hydroxyl radical.

An optimal protection against cytotoxic action of alloxan and dialuric acid is offered by an
association between superoxide-dismutase (SOD) and catalase (CAT), in order to completely
prevent the redox cycle and consecutively the formation of any reactive oxygen species [48].

Glucose confers complete protection against toxic effects of alloxan both in vivo and in vitro,
by blocking glucokinase inhibition by it and also contributing to maintaining the antioxidant
protection mechanism of the beta cells [49].

One of the targets for the reactive oxygen species is the DNA of the pancreatic islet cells. The
DNA fragmentation occurs in beta cells exposed to alloxan [49, 50].

The DNA alteration stimulates poly-ADP-ribose, enzyme which contributes to affected DNA
repair. In several trials it was stated that glucose administration contributes to counteracting
the alloxan cytotoxicity. Such ability is the result not only of glucokinase protection but also of
interaction with glucose carrier GLUT2 resulting in reduced alloxan absorption [51].
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3. Materials and methods

Diabetes was induced to white Wistar male rats by intraperitoneal administration of extem-
poraneously prepared alloxan (Sigma-Aldrich) solution, in the dose of 130 mg/kg weight [52].
After 48 hours, glycemia was determined using ACCU-CHEK Active device (Roche Diagnos-
tics GmbH, D-68298 Mannheim, Germany). The blood was harvested from tail veins by vein
puncture. The determination was used for the selection of diabetic animals, thus presenting a
glycemia over 200 mg/dL.

From the total rat collectivity, a percentage of 66.34% became diabetic with the remaining
33.66% becoming hyperglycemic. Fifteen groups of diabetic animals were designated for
experimental research (eight animals/group), being treated as follows:

¢ diabetic control group (D Control)—distilled water, 1 mL/100 g weight p.o.;
¢ reference group—BRL 37344, 50 mg/kg weight, p.o.;

* A1-pPhEA—20 mg/kg weight, p.o.;

* A2-BPhEA—50 mg/kg weight, p.o.; and

* A3-BPPhEA through A13-BPhEA, 100 mg/kg weight, p.o.

At the same time, a nondiabetic control group was designated (ND control), treated with
distilled water, 1 mL/100 g weight p.o. Administration of tested and reference substances (BRL
37344) continued for 14 days, once daily.

The doses chosen for investigating the metabolic effects of the newly synthesized derivatives
were established following previous determinations of acute toxicity which allowed to set
the LDs, [53, 54].

At the end of the experiment, the animals were sacrificed and biochemical and enzymatic
determinations were performed: glycemia, glucose-6-phosphate dehydrogenase (transform-
ing glucose by pentose-phosphate pathway), glucose-6—phosphatase (catalyzes the hydrolysis
of glucose-6—phosphate to glucose and inorganic phosphate), hexokinase (catalyzes the
phosphorylation of glucose), total cholesterol, LDL cholesterol, HDL cholesterol, and trigly-
cerides.

4. Results and discussion

The model of alloxan-induced diabetes has produced alterations in the activity of the three
enzymes [55-57] involved in glucose metabolism homeostasis (Figure 3).

Moreover, the lipid profile was altered by the administration of the pancreatic toxic, registering
statistically significant increases in total cholesterol, LDL cholesterol, and triglycerides,
together with decreases in HDL cholesterol (Figure 4).
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Figure 3. Variations of the activity of the enzymes involved in glucose metabolism in diabetic animals compared to
nondiabetic animals.
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Figure 4. Variation of plasma lipids in diabetic animals compared to nondiabetic animals ** p<0.01; *** p<0.001.

To what concern the effect of new compounds with possible affinity for beta-3 adrenergic
receptors, seven of those (A1-BPhEA, 20 mg/kg weight; A3-BPhEA, 100 mg/kg weight; A4-
PPhEA, 100 mg/kg weight; A6-BPhEA, 100 mg/kg weight; A8-BPhEA, 100 mg/kg weight; A9-
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BPhEA, 100 mg/kg weight; A13-BPhEA, 100 mg/kg weight) have markedly reduced the values
of total cholesterol (Table 2, Figure 5).

Group M +SE ANOVA  Dunnett posttest/ND ANOVA  Dunnett posttest/D
control control
Nondiabetic control 78.22 +£9.553 0.0002*** <0.0007*** **
Diabetic control 119.3 £11.89 **
BRL 37344 50 mg/kg 77.65 +2.196 ns *
A1-BPhEA 20 mg/kg 62.03 +5.005 ns i
A2-BPhEA 50 mg/kg 74.83 +13.10 ns *
A3-BPhEA 100 mg/kg 70.42 £9.716 ns **
A4-BPhEA 100 mg/kg 69.27 +6.423 ns w
A5-BPhEA 100 mg/kg 113.0+11.41 ns ns
A6-BPhEA 100 mg/kg 61.00 + 4.749 ns w
A7-BPhEA 100 mg/kg 75.05 +5.286 ns *
A8-BPhEA 100 mg/kg 72.31+£6.148 ns **
A9-BPhEA 100 mg/kg 69.25 + 6.542 ns *
A10-BPhEA 100 mg/kg 77.73 +7.884 ns *
A11-BPhEA 100 mg/kg 66.60 +3.331 ns *
AT12-BPhEA 100 mg/kg 75.32 +5.966 ns *
A13-BPhEA 100 mg/kg 62.15 +6.673 ns *

Table 2. The effect of new derivatives of beta-phenylethylamine on total cholesterol in rats with alloxan-induced
diabetes * p<0.05; ** p<0.01; *** p<0.001.
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Figure 5. Alterations of total cholesterol in diabetic animals treated with reference substance (BRL 37344) or newly syn-
thesized derivatives of beta-phenyl ethylamine compared to diabetic control group * p<0.05; ** p<0.01; ** p<0.001.
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The majority of the tested compounds (Table 3) have markedly reduced the values of LDL
cholesterol (Figure 6), the effect probably due to increased plasma clearance for this lipid
fraction as total cholesterol serum concentration decreased. Smaller reductions, still statisti-
cally significant (Table 3) in values of LDL cholesterol, and comparable to those of the
beta-3adrenergic agonist, BRL 37344, were produced by the compounds: A7-BPhEA, A10-
BPhEA, A12-fPhEA, and A13-BPhEA (Figure 6).

Group M= SE ANOVA  Dunnett posttest/ND ANOVA  Dunnett posttest/D
control control
Nondiabetic control 51.07 £3.610 <0.0001*** <0.00071***  ***
Diabetic Control 103.2 +7.899 ok
BRL 37344 50 mg/kg 78.71 £ 4.940 ns **
A1-BPhEA 20 mg/kg  56.87 +1.887 ns wa
A2-BPhEA 50 mg/kg ~ 57.47 +2.831 ns Ex
A3-BPhEA 100 mg/kg ~ 50.91 +1.205 ns wor
A4-BPhEA 100 mg/kg  57.08 +2.302 ns o
A5-BPhEA 100 mg/kg  56.26 +2.134 ns wr
A6-BPhEA 100 mg/kg  56.88 +2.496 ns wx
A7-BPhEA 100 mg/kg ~ 75.91 +6.447 w ok
A8-BPhEA 100 mg/kg  54.62 +2.458 ns o
A9-BPhEA 100 mg/kg  53.70 +2.128 ns wor
A10-BPhEA 100 mg/kg  76.00 £ 7.567 e o
AT11-BPhEA 100 mg/kg 57.52 +3.112 ns o
A12-BPhEA 100 mg/kg 66.77 +7.334 ns .
A13-BPhEA 100 mg/kg  50.21 +1.188 ns o

Table 3. The effect of new derivatives of beta-phenylethylamine on LDL cholesterol values in alloxan-induced diabetic

rats ** p<0.01; *** p<0.001.
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Figure 6. Alterations of LDL cholesterol values in diabetic animals treated with reference substance (BRL 37344) or
new derivatives of beta-phenylethylamine compared to diabetic control group ** p<0.01; *** p<0.001.
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The results for lowered total cholesterol and LDL cholesterol are in line with other literature
data showing that several beta-3adrenergic agonists have induced similar effects in mice with
apolipoprotein E deficiency and in wild C57BL/6] strain animals. For such substances an
increase in apolipoprotein Al and PPARa and PPARY receptors (peroxisome proliferator-
activated receptor) expression in liver was demonstrated [58].

Other trials showed that, due to effects on lipid metabolism but also to glycemia reduction,
the (3; adrenergic agonist BRL 37344 has induced a reduction in the process of formation of
atherosclerotic plaque in ApoE(-/-) mice [59].

A pivotal role in slowing down the process of atherosclerosis stands with HDL cholesterol,
which is a small size alpha-lipoprotein, formed in liver or shed from chylomicrons dismem-
berment. These lipoproteins have a cholesterol-rich core with type 1 and 2 apolipoproteins at
the surface, ensuring the reverse transport of cholesterol, from tissues to liver. The trial
conducted by Shi et al. demonstrated the increases in mARN and apoAl expression.

Group M=+ SE ANOVA  Dunnett posttest/ND ANOVA  Dunnett posttest/D
control control
Nondiabetic control 46.36 £2.930 <0.0001*** <0.0007%**  ***
Diabetic control 29.34 +3.478 i
BRL 37344 50 mg/kg 34.82+3.216 ns ns
A1-BPhEA 20 mg/kg ~ 48.09 +3.621 ns wa
A2-BPhEA 50 mg/kg ~ 42.96 +2.102 ns *
A3-BPhEA 100 mg/kg ~ 46.24 +4.104 ns wnk
A4-BPhEA 100 mg/kg 5335 + 4.875 ns o
A5-BPhEA 100 mg/kg  49.79 +2.926 ns ok
A6-BPhEA 100 mg/kg ~ 46.07 +3.679 ns sk
A7-BPhEA 100 mg/kg ~ 52.18 +3.653 ns o
A8-BPhEA 100 mg/kg  51.04 +1.662 ns ok
A9-BPhEA 100 mg/kg  47.81 + 4.664 ns ok
A10-BPhEA 100 mg/kg  45.66 + 4.880 ns o
AT11-BPhEA 100 mg/kg 38.04 +2.596 ns ns
A12-BPhEA 100 mg/kg  38.46 +2.095 ns ns
A13-BPhEA 100 mg/kg 41.94 +1.330 ns *

Table 4. The effect of new derivatives of beta-phenyl ethylamine on HDL cholesterol in rats with alloxan-induced
diabetes * p<0.05; *** p<0.001.

The results of the experimental research have shown that all tested compounds have induced
statistically significant increases in HDL cholesterol, compared to diabetic control group (Table
4). A smaller effect of increase of the values for this lipid fraction was produced by the
compounds A11-BPhEA and A12-BPhEA, still being similar to the one for beta; adrenergic
agonist BRL 37344 (Figure 7).
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Figure 7. Alteration of HDL cholesterol in diabetic animals treated with reference substance (BRL 37344) or with deriv-
atives of beta-phenylethylamine compared to diabetic control group * p<0.05; *** p<0.001.

Group M +SE ANOVA Dunnett posttest/ND ANOVA  Dunnett posttest/D
control control

Nondiabetic control 81.74+2.261 0.0002*** <0.0007***  ***
Diabetic control 166.3 £ 6.793 i

BRL 37344 50 mg/kg 77.13 +3.639 ns o
AI1-BPhEA 20 mg/kg ~ 91.25 +4.573 ns wa
A2-BPhEA 50 mg/kg  88.01+4.158 ns i
A3-BPhEA 100 mg/kg 9023 + 4.643 ns ok
A4-BPhEA 100 mg/kg  67.38 +8.630 ns oo
A5-BPhEA 100 mg/kg ~ 66.32 +5.682 ns wa
A6-BPhEA 100 mg/kg  66.58 +9.860 ns o
A7-BPhEA 100 mg/kg  80.60 +3.113 ns i
A8-BPhEA 100 mg/kg ~ 84.24 +2.831 ns wk
A9-BPhEA 100 mg/kg ~ 87.80 +4.384 ns ook
A10-BPhEA 100 mg/kg 86.21 +2.935 ns e
AT11-BPhEA 100 mg/kg  87.86 +5.032 ns o
A12-BPhEA 100 mg/kg  84.35 + 3.656 ns o
A13-BPhEA 100 mg/kg  91.25 +6.193 ns s

Table 5. The effect of new derivatives of beta-phenyl ethylamine on serum TG in rats with alloxan-induced diabetes ***
p<0.001.

In Wistar rats alloxan has induced a high increase, statistically significant, of serum triglycer-
ides (TG) (Table 5). Compared to diabetic control group, all the tested compounds have
reduced the values of serum triglycerides with high statistical significance. These effects could
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be due to increased expression [58] of PPARa (liver, kidney, muscle, adipose tissue) and PPAR
Y receptors (subtypes 1, 2, 3 in adipose tissue) resulting in increased expression of the gene for
lipoprotein lipase.

4.1. Effects on body weight

During the research, animals had free access to standard food and water. The body weight was
determined initially, at 48 hours after alloxan administration and then in day 5, 10, and 14 of
the experiment. For nondiabetic control group the same determination were performed as in
the case of diabetic groups. The food was dispensed daily in same amounts and body weight
was determined before the next feeding.

Throughout this determination it was apparent that alloxan-induced diabetes produces, in 48
hours from administration, a statistically nonsignificant reduction (Figure 8) of body weight
in treated animals (203.4 + 0.7004 vs. 205.9 + 0.7078).
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Figure 8. Body weight of animals initially and at 48 hours after alloxan administration *** p<0.001.

The research results showed that, for diabetic control group, animal body weight increases
after alloxan administration, reaching a significant higher value in day 14 of the experiment
(p = 0.0097**). For the groups treated with reference substance, the body weight varied
statistically nonsignificantly in all moments of determination (Table 6). The amount of
consumed food increased for the diabetic control group, while for the treated groups, it
remained constant. In the determinations of day 14, for nondiabetic control group it was
registered an increase of 1.07% in body weight against the initial measurement, while for the
diabetic control group the increase reached 5.65%. The variation in body weight at the end of
the experiment against initial and compared to diabetic control group was calculated using
the formulas:
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Group Parameter Body weight Body weight Body weight Body weight Body weight
basal 48 h after alloxan Day 5 Day 10 Day 14
ND control M +SE 203.8+£3.301 200.2+4.176 204.3+2.894 205.5+2.766 206.0+2.733
ANOVA/48 h 0.7341 ns
D control M=*SE 203.2+3.429 197.0 +3.967 206.5+2.363 209.7+2.305 214.7+1.382**

ANOVA/48 h after A 0.0097**

BRL M +SE 20432963 1987 +3.920 203.8+2.868 202.7+2.246 201.5+2513
37344 ANOVA/48 h after A 0.6778 ns
A1-BPhEA M +SE 202.5+2.872 197.2 +3.640 201.7+2.836 200.8+3.114 199.8 +3.092

ANOVA/48 h after A 0.7823 ns

A2-BPhEA M +SE 200.2+3.781 195.5+4.123 198.5£3.667 198.7 £3.556 199.0 + 3.540
ANOVA/48 h after A 0.9238 ns

A3-BPhEA M +SE 208.0+£2.206 201.8+3.936 206.0+2.145 205.5+2.247 205.0+2.556
ANOVA/48 h after A 0.6202 ns

A4-BPhEA M +SE 204.8+£2.701 199.5 + 3.805 202.8+2.651 203.2+2.151 202.0+3.088
ANOVA/48 h after A 0.4047 ns

A5-BPhEA M +SE 207.2+2.868 201.1+4.083 206.0£3.044 204.7 +2.552 206.7 +3.232
ANOVA/48 h after A 0.6717 ns

A6-BPhEA M +SE 205.0+2.966 199.1+3.973 203.2+2.868 202.5+2.754 202.0+2.781
ANOVA/48 h after A 0.7505 ns

A7 -BPhEA M +SE 206.7 £2.552  201.1 +3.989 204.8 £2.358 204.2+2.167 203.7 +2.290
ANOVA/48 h after A 0.7213 ns

A8-BPhEA M +SE 204.8+£1.990 201.7 +3.802 203.5+1.586 202.7+1.926 203.7 +2.290
ANOVA/48 h after A 0.9261 ns

A9 -BPhEA M +SE 208.2+1.249 202.1 +3.667 205.5+0.7638 204.7 +1.022 203.8 +1.558
ANOVA/48 h after A 0.3638 ns

A10-BPhEA M +SE 206.3 £2.741 200.8 +4.036 205.0+2.477 204.8+2587 204.0+2.671
ANOVA/48 h after A 0.7431 ns

Al11-BPhEA M +SE 208.0 £3.066 202.2 +4.401 206.2+2.738 205.8+2.713 205.7+2.813
ANOVA/48 h after A 0.7922 ns

A12-BPhEA M +SE 207.3+2.894 201.7 +4.234 205.7 £2.565 205.3+2.603 204.5+2.320
ANOVA/48 h after A 0.7561 ns

A13-BPhEA M +SE 209.3 £2.591 203.0 +4.244 206.7 £2.028 206.7+2.390 205.0 +2.266
ANOVA/48 h after A 0.6257 ns

ns, nonsignificant; A, alloxan.

Table 6. The effect of new derivatives of beta-phenylethylamine on body weight in rats with alloxan-induced diabetes
*%
p<0.01.
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BW  BW basal(g)-BW dayl4(g)

Effect % =
basal BW basal (g)

x100 (1)

Effect % BWSubstance / Diabetic control = Effect % BW

2
Diabetic control + Effect %o BW Substance @

Taking into account that body weight increased for the animals in diabetic control group and
that for all tested substances it has decreased against initial, the effect of the tested substances
was determined compared to diabetic control group (Figure 9). It was therefore noted that
newly synthesized derivatives of beta-phenyl ethylamine and the reference substance BRL
37344 had produced decreases in body weight between 5.89 and 7.76%, compared to diabetic
control animals after 14 days of treatment.

g g

g

MeandSD
Body weight (g)
g

g

Group

Figure 9. Variation of body weight for animals treated with reference substance and tested substances compared to
diabetic control group at day 14 determination.

5. Conclusions

The results of this experimental research have demonstrated that newly synthesized deriva-
tives of beta-phenylethylamine produce marked biological activity over lipid profile which is
altered in diabetes induced by alloxan administration in rats.

All tested compounds have markedly decreased the values of total cholesterol, LDL choles-
terol, and triglycerides, the effect being more intense than with reference substance BRL 37344.
They also have increased the values of antiatherogenic HDL cholesterol, significantly more
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than the reference substance. Overall, the activity on body weight was of reduction even if the
food consumption of the animals was not altered. These experimental data suggest that the
tested new chemical entities have high therapeutical potential in the treatment of dislipidemias
and/or obesity.
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phenotypes, which optimally coordinate the energy metabolism in a well-functioning
organism throughout a lifetime.
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