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Preface

Obesity is a complex and multifaceted condition that affects millions of individuals
worldwide, transcending age, gender, and socioeconomic status. The chapters in this
book aim to provide a comprehensive understanding of obesity, its complications, and
the various approaches to its treatment and management, with a focus on integrative,
multidisciplinary non-pharmacological strategies for obesity care. By exploring the latest
research and clinical practices, we aim to provide valuable insights and practical strate-
gies for healthcare professionals, researchers, and individuals interested in addressing
this global health challenge.

Section 1: Understanding Obesity sets the foundation by delving into the causes,
prevalence, and health complications associated with obesity. This section provides a
comprehensive overview, helping readers understand the significant impact of obesity on
overall health. It also addresses the unique challenges faced by children and adolescents,
examining the psychological effects of obesity in these age groups and underscoring the
importance of early intervention and mental health support.

Section 2: New Perspectives in Obesity Management and Treatment presents innova-
tive approaches to treating obesity. From interdisciplinary proposals within the unified
health system to aerobic and strength training strategies, this section highlights the
collaborative efforts and technical advancements in obesity treatment. It also examines
the role of mitochondrial health and the clinical applications of therapeutic fasting and
natural supplements as innovative methods for enhancing health in obese individuals.

Section 3: Advanced Therapeutic Approaches for Obesity Care delves into cutting-edge
treatments and interventions. This section covers topics such as the One-Anastomosis
Gastric Bypass procedure and body contouring techniques like VASER liposuction,
providing readers with a glimpse into the future of obesity management. It highlights the
benefits and considerations of these advanced treatments, emphasizing the importance

of holistic and integrative approaches to care.

Together, these chapters provide a comprehensive view of obesity, integrating theoretical
knowledge with practical applications. We hope this book serves as a valuable resource
for those dedicated to understanding and addressing obesity, ultimately contributing to
better health and well-being for individuals affected by this condition.

Gitanjali Srivastava, MD, FACP, FAAP, FTOS, DABOM
Professor of Medicine, Pediatrics and Surgery,

Division of Diabetes, Endocrinology and Metabolism,
Department of Medicine,

Vanderbilt University School of Medicine,

Nashville, TN, USA
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Chapter1

Obesity and Its Complications

Michele Mae Ann Yuen

Abstract

Obesity is associated with many health complications, which are attributable to
several mechanistic changes that take place as excess adipose tissue builds up in the
body. These changes include chronic inflammation, oxidative stress, insulin resis-
tance, endothelial dysfunction, elevated levels of growth-promoting adipokines,
mechanical effects of excess adiposity due to ectopic deposition and direct loading,
and heightened activities of the renin-angiotensin-aldosterone system (RAAS)
and sympathetic nervous system (SNS). These mechanistic processes may occur in
isolation or in combination to contribute to the development of obesity-associated
comorbidities. Understanding the full spectrum of obesity-associated comorbidi-
ties will help to guide the clinical assessment as well as treatment and monitoring of
individuals with obesity. This chapter will include a review of the current evidence
in relation to the scope of obesity-associated comorbidities and discussions on how
excess adiposity can contribute to their pathogenesis.

Keywords: obesity-associated comorbidities, mechanistic changes, inflammation,
oxidative stress, insulin resistance, mechanical effects, RAAS and SNS activations,
literature review

1. Introduction

Obesity is a chronic disease characterized by excessive adiposity, with or without
abnormal distribution or function of the adipose tissue [1]. Accumulation of adipose
tissues has been associated with numerous complications that transverse multiple
organ systems and specialties in clinical medicine [2]. The pathophysiological link-
ages between excessive adiposity and its complications have not been completely
elucidated, but evidence so far has supported several possible mechanisms, including
chronic inflammation and oxidative stress (in association with insulin resistance,
endothelial dysfunction, and growth promotion by adipokines), mechanical effects
due to ectopic fat infiltration and direct loading effect of excessive adiposity, and
activation of the renin-angiotensin-aldosterone system and the sympathetic nervous
system [2].

Expansion of adipose tissue can occur through hyperplasia (proliferation and
differentiation of adipose precursor cells) or hypertrophy (increase in adipocyte size),
with the proportion of each varying based on genetics, age, and environmental fac-
tors [3]. Different modes of fat accumulation have differential health effects, with the
general presumption that adipocyte hypertrophy is more harmful than hyperplasia in
the human body [3]. Adipose tissues can also be classified into “brown adipose tissue”
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(BAT) and “white adipose tissue” (WAT). BAT, characterized by the presence of uncou-
pling protein 1 (UCP1), is more abundant in infants compared to adults, and is involved
in thermogenesis. BAT progressively becomes WAT with age. As WAT has greater capac-
ity to expand by hypertrophy than BAT, which has limited lipid storage and undergoes
apoptosis with expansion, the presence of WAT is associated with the adverse effects of
obesity [4, 5]. Better understanding of the behavior of adipocytes and their interaction
with the body will help to clarify and relate obesity to human health, especially in the
context of the development of obesity complications. This chapter will review the link-
age between obesity and its complications from a mechanistic point of view.

2. Chronic inflammation and oxidative stress in obesity

We now recognize that adipose tissue is not merely a storage site for excessive
triglyceride but is a complex tissue containing a mixture of cell types (including fat
cells, immune cells, endothelium, fibroblasts, neurons, and stem cells) that interact
with one another [4]. Research in recent decades has identified adipose tissues as an
endocrine organ that secretes various adipokines, including leptin, interleukin-6
(IL-6), tumor necrosis factor-a (TNF-a), monocyte chemoattractant protein-1
(MCP-1), resistin, and adiponectin, among others [4]. These adipokines primarily
function to inform the body of its energy and nutritional status, thereby allowing
for a coordinated control of food intake, energy expenditure, and metabolism [6].

In a dysregulated state such as obesity, these adipokines, in both independent and
interactive manners, induce chronic low-grade inflammation. While inflammation in
a controlled fashion is beneficial and functions to contain and eradicate threats to the
host organism, chronic inflammation threatens health and is one possible mechanism
by which obesity complications develop.

Leptin was the first adipokine to be discovered in 1994 as a product of the ob gene
[7]. Secreted predominantly from adipose tissue, leptin serves to inform the brain of
the presence of nutrition and promotes fed-state metabolic responses. Leptin defi-
ciency in ob/ob mice and in humans with monogenic mutation leads to severe obesity;
however, in the majority of cases, human obesity is marked by leptin resistance with
elevated circulating levels of leptin [8, 9]. Leptin is a pro-inflammatory molecule,
modulating both innate and adaptive immune responses, and is possibly one of the
many links between obesity and chronic low-grade inflammation [10].

Interleukin-6 involvement in the inflammatory process is less clear-cut.
Nonetheless, it had been demonstrated that muscle-derived IL-6 exhibits anti-
inflammatory effects, whereas IL-6 produced by adipocytes promotes inflammation,
and the expression of adipocyte-derived IL-6 and its receptor is elevated in obesity
[11, 12]. The increased expression of adipocyte-derived IL-6 and its receptor in
obesity is correlated with markers of macrophage infiltration and low-grade inflam-
mation [12, 13]. IL-6 also stimulates the production of C-reactive protein (CRP)
in human liver cells, potentially serving as a mediator or marker of inflammatory
processes in the disease state [14, 15].

TNF-a promotes inflammation, and higher expressions of its messenger RNA
(mRNA) have been detected in fat biopsy samples from individuals with obesity [16].
MCP-1, produced mainly in adipocytes, is a potent chemotactic factor for monocytes
and activator of T helper cells, and its expression is increased in adipose tissue in indi-
viduals with obesity [17, 18]. Additionally, omental fat layer in individuals with severe
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obesity was found to have higher MCP-1 expression compared with subcutaneous fat
layers, suggestive of a role of central obesity in promoting inflammation [18]. Resistin
is primarily expressed in monocytic cells, rather than adipose tissue. Increased mac-
rophage infiltration in adipose tissue in obesity is likely how resistin contributes to the
chronic low-grade inflammation [19].

In contrast to the other adipokines, adiponectin has anti-inflammatory prop-
erties. However, its circulating levels are inversely related to mean adipocyte
diameter, suggesting that adipocyte hypertrophy would impede the secretion
of adiponectin [20]. Functional recovery of adiponectin secretion has been
documented after about 10% weight loss in individuals with severe obesity
(BMI > 40 kg/m?) [21].

Obesity induces oxidative stress by heightening the production of reactive oxy-
gen species (ROS) in adipose tissue, increasing nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase expression and reducing levels of antioxidant enzymes
[22]. Oxidative stress in obesity further contributes to the dysregulation of adipocyto-
kines, including adiponectin, IL-6, and MCP-1 [22]. The synergistic effect of chronic
inflammation and oxidative stress is implicated in metabolic disorders, as well as
orthopedic, obstetric, dermatological, otorhinolaryngological, and even psychiatric
comorbidities of obesity.

2.1 Obesity-associated chronic inflammation and oxidative stress and insulin
resistance

Chronic inflammation and oxidative stress associated with obesity are impli-
cated in insulin resistance, which in turn gives rise to multiple metabolic disorders,
including type 2 diabetes, hypercholesterolemia, hypertriglyceridemia, and meta-
bolic dysfunction-associated fatty liver disease (MAFLD) [23-25]. For instance,
TNF-a interferes with normal insulin signaling by reducing tyrosine phosphory-
lation of insulin receptor in skeletal muscles and is implicated as a mediator of
insulin resistance in obesity [26]. Resistin has been linked to insulin resistance
and hypertension via activation of the Toll-like receptor 4 (TLR4)/P65/angioten-
sinogen (AGT) pathway and in turn, the renin-angiotensin system (RAS) in mice
models [27]. In humans, resistin induces TNF-a and various interleukins, including
interleukin 1p (IL-1p), IL-6, interleukin 8 (IL-8), and interleukin 12 (IL-12) that
stimulate pro-inflammatory response [28]. Human resistin also induces the secre-
tion of MCP-1 and activation of nuclear factor kappa B (NF-«B) to further promote
inflammation [28].

In synergism with inflammation, reactive oxygen species (ROS) further aggra-
vates insulin resistance in peripheral tissues by influencing insulin receptor signaling
through multiple pathways. These changes cumulate in the decreased expression of
glucose transporter type 4 (GLUT4) transporters, which are the primary glucose
transporters in the cellular membranes of insulin-sensitive peripheral tissues, caus-
ing insulin resistance [29]. Insulin resistance, in turn, plays a role in the entire range
of metabolic dysfunction-associated fatty liver diseases (MAFLD), from simple
steatosis to metabolic dysfunction-associated steatohepatitis (MASH) and cirrhosis,
which can potentially lead to liver cancer [30]. Insulin resistance in obesity is also
implicated in dermatological conditions, such as acanthosis nigricans, acrochor-
dons, and keratosis pilaris, and even frailty-related conditions in the elderly such as
sarcopenia [31-33].
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2.2 Endothelial dysfunction and obesity-associated chronic inflammation
and oxidative stress

Endothelial dysfunction is another consequence of obesity-associated chronic
inflammation and oxidative stress due to an increase in cell-surface adhesion mol-
ecules’ expression and impairment in endothelium-dependent vascular relaxation
[34]. Endothelial dysfunction represents a critical initiating factor in the develop-
ment of atherosclerosis and associated cardiovascular pathologies, such as stable/
unstable angina, acute myocardial infarction, coronary artery disease, and ischemic
cerebrovascular events [35-38]. This pathological state further extends beyond car-
diovascular diseases, contributing to hypertensive complications in pregnancy like
gestational hypertension, preeclampsia, and eclampsia through impaired vascular
regulation [39].

3. Adipokines and growth promotion

Some adipokines, such as insulin-like growth factor 1 (IGF-1) and leptin, have
growth-promoting properties. In conjunction with sex-hormone alterations induced
by excessive adiposity, obesity creates a pro-tumorigenic environment that has been
implicated in the pathogenesis of over 20 distinct cancers. Colon cancer, for instance,
is increased by 25-57% in overweight and obesity, and has been linked to elevation
in IGF-1 and leptin and decreased adiponectin with increased adiposity [40-42].
Pancreatic cancer is increased up to 1.6 times in overweight and 3.5 times in obesity,
with this association primarily driven by metabolic disturbances, such as systemic
hyperinsulinemia and heightened insulin secretion from pancreatic p-cells [43-46].
These conditions activate insulin receptor signaling pathways in pancreatic acinar
cells, promoting excessive digestive enzyme production, chronic inflammation, and
subsequent transformation of precancerous lesion [47]. The sustained mitogenic
effects of elevated insulin levels further accelerate the proliferation of neoplastic
pancreatic cells [47].

Breast cancer risk is increased by 33% in postmenopausal women with obesity
compared to those with normal body weight [48]. Adipose tissue takes over as
the predominant site of estrogen production after menopause, and it follows that
postmenopausal women with obesity have greater exposure to estrogen and its pro-
tumorigenic effects [49]. Elevated leptin level is another mechanistic link between
obesity and breast cancer. In vitro study found that stimulation of leptin receptors
supported stem cell-like properties of breast cancer cells and preserved their self-
renewal ability, thereby facilitating recurrence and metastasis [50].

Increased adiposity further contributes to the pool of bioactive estrogen in both
women and men by increasing aromatase activity and reducing sex-hormone binding
globulin (SHBG) [51]. Elevated estrogen level is linked to endometrial and epithelial
ovarian cancer in women and prostate cancer in men [51-53]. In the context of eleva-
tion in leptin, obesity has been further linked to papillary, follicular, and anaplastic
thyroid cancers via this mechanism [54, 55].

This discussion is by no means exhaustive of all the cancers that are linked to
obesity. Other cancers that have been observed to occur at a higher incidence in
obesity, from head to toe, include meningioma, glioma, esophageal adenocarcinoma
and squamous cell carcinoma, gastric cardia high-grade dysplasia and adenocarci-
noma, appendix carcinoid tumor, cholangiocarcinoma, extrahepatic bile duct cancer,
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gallbladder cancer, peritoneal cancer, renal cell carcinoma and transitional cell carci-
noma, urothelial cell carcinoma and cutaneous melanoma [56-67]. The pathogenesis
for some of these cancers in obesity is still not fully understood, but the pathological
processes discussed in this and the following sections may have a contributory role to
the development of some of these cancers.

4. Mechanical effects of increased adiposity

The mechanical effects of obesity refer to the ectopic distribution of fat with
resulting end-organ damage and dysfunction and the direct effect of excess adiposity.
Both mechanisms and the resulting complications will be discussed.

4.1 Ectopic fat deposition with organ injury and functional impairment

Excess fat in obesity may be deposited ectopically in organs, such as the liver,
kidneys, pancreas, and heart. Within the liver, ectopic fat accumulation leads to
metabolic dysfunction-associated fatty liver disease (MAFLD), a condition that can
progress to nonalcoholic steatohepatitis (NASH), cirrhosis, and potentially hepatocel-
lular carcinoma (HCC) [30, 68]. In the kidneys, ectopic fat deposition contributes to
the development of “fatty kidney,” increasing the risk of albuminuria or proteinuria,
glomerulonephritis, chronic kidney disease, and end-stage renal failure [69]. Peri-
and intra-pancreatic fat deposition is hypothesized to play a role in the pathogenesis
of acute pancreatitis in individuals with obesity, though heightened lipolysis due to
insulin resistance and chronic low-grade inflammation may also exacerbate this pro-
cess [70, 71]. Cardiac ectopic fat deposition is associated with structural changes such
as left atrial enlargement, which elevates the risk of atrial fibrillation, while exces-
sive epicardial adipose tissue impairs ventricular contractility and may significantly
contribute to nonischemic heart failure in overweight and obese individuals [72-74].
Beyond these organ-specific effects, ectopic fat deposition is linked to broader
obesity-associated comorbidities, including carpal tunnel syndrome (possibly due to
compression of the median nerve by excess adipose tissue) and osteoporosis (possibly
due to fat infiltration of the bone marrow secondary to unbalanced differentiation of
the common progenitor towards adipocytes rather than osteoblasts) [75, 76].

4.2 Excess adiposity and direct loading effect

Physical effect of excess adiposity can also affect bodily functions directly. For
example, fat buildup in the neck area narrows the upper airways and makes the
pharynx more prone to collapsing, while central obesity decreases lung capacity
and reduces the downward pull on the upper airway [77]. These anatomical changes
increase the risk of developing obstructive sleep apnea (OSA) [77]. Excess fat in
the abdominal area is linked to more frequent relaxations of the lower esophageal
sphincter, disruptions in the pressure at the esophagogastric junction, and a higher
gastroesophageal pressure gradient, all of which contribute to gastroesophageal reflux
disease (GERD) and its complications like erosive esophagitis and Barrett’s esophagus
[78]. Consequently, esophageal and gastric adenocarcinomas, partly caused by GERD,
are also more common in individuals with obesity [79, 80]. Additionally, increased fat
around the chest and chronic inflammation, along with other factors such as GERD,
play arole in obesity-related asthma [81].
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Excessive body fat impacts joint loading patterns, which in turn can trigger
inflammation in cartilage and bones and increase the risk of osteoarthritis (OA) in
both weight-bearing joints (such as knees and hips) and non-weight-bearing joints
(like the hands) [82]. Additionally, individuals with obesity may experience a shift in
their center of gravity, making them more prone to injuries and fractures, particularly
in the clavicle, upper limbs, hips, and lower limbs [83, 84].

Obesity also exerts mechanical impact that contributes to several skin-related
issues. For example, enlarged skinfolds create localized occlusion, trapping heat
and moisture, which, combined with friction between skin surfaces, heightens the
likelihood of conditions like intertrigo and hidradenitis suppurativa [31]. The added
weight on the lower limbs raises the risk of stasis-related skin problems, such as
cellulitis, lymphedema, and elephantiasis nostras verrucosa [85, 86]. Similarly, the
pressure on the soles can lead to plantar hyperkeratosis [31]. Additionally, the stretch-
ing of the skin due to obesity increases the chances of developing striae distensae [31].

Excessive adiposity can directly contribute to neurogenic pain disorders, including
ulnar nerve compression and meralgia paresthetica [87, 88]. Meralgia paresthetica
specifically results from the compression of the lateral femoral cutaneous nerve due
to abnormal accumulation of abdominal fat [88]. Elevated intra-abdominal pressure
is additionally linked to several urological issues, such as nocturia, overactive bladder,
and both stress and urge urinary incontinence in women [89-92].

Other obesity-related health complications resulting from mechanical effects
of adipose tissue include chronic leg pain, intervertebral disc disorder with lower
back pain, atelectasis, hiatal and ventral hernia, pressure ulcer, fecal incontinence in
female, and venous insufficiency [2].

5.Increased activation of renin-angiotensin-aldosterone system (RAAS)
and sympathetic nervous system (SNS)

Both the renin-angiotensin-aldosterone system (RAAS) and the sympathetic
nervous system (SNS) seem to be in overdrive in obesity, potentially contributing to
the onset of hypertension [93, 94]. Additionally, changes in fluid and sodium balance
that favor higher blood pressure in obesity may further exacerbate this condition [95].
Hypertension and other hemodynamic alterations promote the development of left
ventricular hypertrophy in obesity [96]. These factors, combined with atherosclerosis,
could explain the heightened risk of sudden cardiac death in individuals with obesity
[97]. Moreover, excessive sweating (hyperhidrosis) in obesity has been linked to elevated
RAAS and SNS activity [98]. Lastly, RAAS activation might play a role in some symp-
toms of premenstrual syndrome, which is more common in those with obesity [99].

6. Others and unknown

Obesity also weakens immunity, alters brain structure, raises cortisol levels,
and increases uric acid [100, 101]. These changes result in higher infection risks,
manic episodes in bipolar disorder, depression, and gout in obesity, respectively.
Connections are also observed between obesity and anxiety and panic disorders,
headache disorders, thiamine deficiency, and additional pregnancy-related issues,
such as cervical incompetence and polyhydramnios, among others [100, 101].
The exact ways in which obesity contributes to these conditions are not yet fully
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Psychology: anti-social personality disorder, anxiety, attention deficit Brain & Nerves: Stroke (ischemic/ hemorrhagic /mixed), cerebral atrophy, cognitive
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Figure 1.

Summary of obesity-associated comorbidities (adapted from Ref. [2]).

understood. Although proving a direct cause-and-effect relationship between excess
body fat and these disorders is challenging, the fact that many improve or resolve with
weight loss suggests that obesity plays a significant role.

The currently identified health complications associated with obesity are sum-
marized in Figure 1. It should be recognized that the entirety of the health impact of
obesity is much more complex than depicted in this chapter. As more evidence emerge,
our understanding of the full effect of obesity on health will continue to evolve.

7. Evaluating and treating obesity and its complications

The harm that excessive adiposity poses to the human body is well recognized but
the criteria for diagnosis and identifying individuals for treatment remain controver-
sial. The limitations of using body mass index as a measure for obesity have long been

9
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discussed. A revised definition and diagnostic criteria of clinical obesity were pro-
posed and published in Lancet in January 2025 to incorporate an evaluation of obesity
symptoms, defined the presence of complications along with consideration of the
structural and functional effects they have on the body, in recommending treatment
[1]. A full understanding of the spectrum of obesity-associated comorbidities will be
beneficial, if not eventually essential, in the management of obesity.

Weight loss has been shown to reduce markers of inflammation, oxidative stress,
insulin resistance, and endothelial dysfunction [102-104]. In the real-world set-
ting, weight reduction has been shown to reduce the risk of type 2 diabetes, OSA,
hypertension dyslipidemia, asthma, and chronic kidney disease [105]. The amount
of weight loss necessary to bring about reversal of different pathogenic mechanisms
and improvement in different obesity-associated comorbidities varies widely [106].
Magkos et al. demonstrated that adipose tissue, liver, and muscle insulin sensitivity,
and B-cell function improved with 5% weight loss, which also decreased 24-hour
ambulatory heart rate and 24-hour ambulatory systolic, but not diastolic, blood
pressure [107]. Additional weight loss up to 16% of initial body weight further
improved muscle insulin sensitivity and reduced fat-free mass, fat mass, intra-
abdominal adipose tissue (IAAT) volume, intrahepatic triglyceride (IHTG) content,
fasting plasma insulin, leptin, and triglyceride concentrations [107]. Further weight
loss beyond 16% of initial body weight was necessary to bring about decrease in
plasma-free fatty acid and CRP concentrations and increase in plasma adiponectin
concentration [107].

Treatment of obesity through weight reduction can be achieved through diet,
exercise, pharmacotherapy, and surgery. Each of these modalities carries different
efficacies, risks, and potential for reversing different obesity-associated comorbidi-
ties. As such, a thorough evaluation of health complications associated with obesity in
each individual would help to guide and personalize treatment.

8. Conclusions

Obesity is associated with over 200 health complications that span across almost
all organ systems. The pathogenesis of these complications is attributable to various
mechanistic changes that are seen with the accumulation of excessive adiposity in
the human body. These mechanistic changes seem to be reversible with weight loss,
with different magnitudes of weight loss necessary for different pathogenic processes.
Reversal of obesity-associated comorbidities follows the correction of these mecha-
nistic changes in weight loss. Having a better understanding of the obesity-associated
comorbidities will be useful to guide clinical assessment and treatment of affected
individuals.
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Chapter?2

Obesity in Children and
Adolescents and its Impact on
Mental Health

Geetanjali Sethy, Punyatoya Samal and Mamata Panda

Abstract

Obesity is a multifaceted condition that not only affects physical well-being but
also has considerable psychological repercussions. Significant weight gain can result
in various mental health challenges, with issues like low self-esteem and body image
concerns being prevalent, alongside depression and anxiety. The stigma and discrimi-
nation encountered by individuals with obesity may exacerbate these psychological
difficulties. Additionally, obesity is linked to several physical health complications,
including heart disease and diabetes. It is vital to acknowledge the psychological
ramifications of obesity to create effective treatment approaches that encompass both
the physical and mental facets of this issue. Prompt intervention and prevention are
imperative for mitigating these mental health challenges in children and adolescents
with obesity. Between 1990 and 2022, the percentage of children and adolescents aged
5-19 with obesity rose fourfold from 2-8% worldwide. During the same period, the
obesity rate among adults aged 18 and older more than doubled from 7-16%. This
chapter examines recent statistics and articulates a problem statement concerning
these two related disorders among children and adolescents.

Keywords: obesity, depression, anxiety, yoga and behavior modification, food habit

1. Introduction

The prevalence of overweight and obesity among adolescents is a significant global
health concern, with alarming statistics indicating a rising trend. Worldwide, the
proportion of overweight or obesity in the age group 5-19 years rose fivefold from
1975 through 2016. About 38 million children under five are overweight or obese.
Projections suggest that nearly a third of the global population could be affected by
2030 [1]. The prevalence of overweight and abdominal obesity among children and
adolescents globally is 21-24%. Suicide is the fourth & third leading cause of death
in adolescents boys & girls respectively of age 15-19 years (Figure 1). Specific ethnic
groups show higher rates, with obesity increasing across all pediatric ages and racial/
ethnic groups, particularly in the developed countries. There is a need for effective
prevention and management strategies. This condition affects physical health and has
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Figure 1.
Top 10 causes of death for adolescent boys and girls aged 15-19. Source: Ref. [2].

profound implications for mental and social well-being. This necessitates multifac-
eted approach to address its complex causes and consequences. Approximately 20.7%
of children and 22.2% of adolescents are classified as obese [3]. Obesity is linked to
serious health issues, including type 2 diabetes, hypertension, and psychological
disorders such as depression. The relationship between obesity and mental health

in children and adolescents is complex and multifaceted, with significant implica-
tions for both physical and psychological well-being [4]. Research indicates a high
prevalence of depressive symptoms among youth with obesity, suggesting a strong
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Figure 2.
Years of life lost due to diasability. Source: Ref. [5].
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comorbidity between obesity and mental health issues [3]. According to Lancet

the mental health issues like depression , anxiety & childhood behavioural c health
problems associated with years of life lost due to disability in males and females of
age 15-19 years (Figure 2). This interplay is influenced by various factors, includ-
ing social, environmental, and genetic components. A study found that 52% of girls
and 27% of boys with obesity exhibited depressive symptoms. Obesity is linked to
low self-esteem and negative body image, which can exacerbate mental health issues
[6]. Persistent obesity from ages 7 to 17 correlates with worsening internalizing and
externalizing symptoms [7]. Conversely, reversing obesity by age 17 does not appear
to negatively impact mental health, indicating potential for recovery.

2. Global statistics

The global prevalence of overweight and obesity among children and adolescents
has increased significantly. In developed countries, obesity rates among adolescents
are particularly high, with estimates of 21-24% prevalence.

2.1 Country-specific data

Recent studies indicate that the overall prevalence of obesity in this demographic is
approximately 8.5%, with rates ranging from 0.4% in Vanuatu to 28.4% in Puerto Rico
This variation is influenced by factors such as economic status, urbanization, and lifestyle
changes. In India, the prevalence of overweight among adolescents is reported at 4.8%,
with urban areas showing higher rates. In another study from India, the prevalence of
overweight and obesity among adolescents was found to be 7 and 5.4%, respectively [8].

In Nepal, a study found a prevalence of 6.38% among adolescents, linked to
lifestyle factors such as physical inactivity and high-calorie diets [9]. High-income
countries generally report higher obesity rates, correlating with higher Human
Development Index scores [10]. Indonesia reports obesity rates of 10% for children
aged 5 to 17 years [11]. Conversely, while the focus is often on high-income countries,
low- and middle-income nations are experiencing rising obesity rates due to urban-
ization and dietary shifts, highlighting the need for targeted interventions globally.

The relationship between obesity and mental health issues in children and adoles-
cents varies significantly across different countries, as evidenced by recent studies. In
the UK, obesity trajectories from ages 7 to 17 are linked to worsening mental health,
particularly internalizing symptoms, while obesity reversal does not negatively impact
mental health outcomes [12]. In Mexico, a systematic review indicates that children
who are overweight or obese are more likely to experience depression, especially
among females, although the link to anxiety remains unclear. United Kingdom reports
that obesity persistence correlates with increased internalizing symptoms at age 17.
Reversal of obesity does not lead to negative mental health outcomes. Similarly studies
from Korea reveal perceived weight status significantly affecting mental health, with
misperceptions leading to increased depressive symptoms and stress [13].

Multinational analysis shows obesity is linked to higher rates of anxiety and
depression, with adolescents experiencing pain more frequently [14].

Conversely, while obesity is often associated with mental health issues, some stud-
ies suggest that the impact of perceived weight status may be more significant than
actual weight, indicating a complex interplay between self-image and mental health
outcomes.
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Despite these concerning trends, some argue that the focus on obesity may
overshadow other pressing health issues, such as undernutrition and mental health
challenges, which also require urgent attention in adolescent populations.

3. Why adolescents are so vulnerable?
3.1 Normal psychosocial development of adolescents

According to WHO, mental health is defined as a state of well-being in which
every individual recognizes their own potential, can manage the normal stresses
of life, works productively and efficiently, and is able to contribute to their com-
munity. Adolescence is a time marked by significant changes in physical, sexual,
and brain development. During this stage, individuals face both opportunities and
vulnerabilities that can influence their psychosocial growth. There is an interplay
between biological and environmental factors. While biological changes may
heighten certain behavioral tendencies, actual behavior is ultimately shaped by the
social context.

3.2 Key domains of psychosocial development

1. Emotional development: Children learn to recognize and manage their emotions,
which is foundational for healthy relationships and self-regulation [15].

2.Social development: Interaction with peers and family fosters social skills,
including cooperation, empathy, and conflict resolution

3. Cognitive development: Cognitive skills evolve, enabling children to think criti-
cally and solve problems, which is essential for adapting to various life situations.

3.3 Other influences on development

* Environmental factors: The child’s upbringing, cultural context, and peer
relationships play a significant role in shaping psychosocial skills.

3.4 Physiology of brain development

There is a window of opportunity between childhood and adolescent brain
development. Childhood brain development is characterized by fastest development
of neural connexions, which is influenced by all modifiable factors such as nutrition,
stimulation, and protection. However, adolescent brain development is characterized
by neural plasticity, which means the brain recognizes and adjusts its neural con-
nexions in response to environmental stimuli. Hence, adolescent brain development
is influenced by some modifiable as well as no modifiable factors such as experience,
environment, and genetics.

3.5 Adolescent brain: A second window of opportunity!

As we know first 2-3 years of life is known as the first window of opportunity
(1000 days of life) (Figure 3). Much has been studied now and everyone is aware of
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Figure 3.
Second window of opportunity: The adolescent brain. Source: https://www.unicef-irc.org/adolescent-brain.

this phase of life. But not many are aware of the second window of opportunity which
is the adolescent period, the age of 9-14 years. It is crucial to support the adolescent
brain to foster positive cycles and prevent negative ones, which can hinder brain
development. Figure 4 depicts some of the important positive & negative spirals of
adolescent brain development. Early adolescence is a time of rapid learning and brain
development. This includes sensation seeking, motivation for social relations, and
sensitivity to social evaluation.

Puberty triggers significant learning and development in the brain. Structural
changes and neural reorganization occur during this stage. Adolescent brain
development involves both positive and negative cycles. It is crucial to support
the adolescent brain to foster positive cycles and prevent negative ones, which can
hinder brain development. Brain maturation begins with growth in childhood and
transitions into a pruning phase during adolescence, continuing through young
adulthood.

These are the brain areas involved in psychosocial development.

1. Pre-frontal cortex—reasoning and learning

2.Visual cortex/amygdala—basic memory

3. Hippocampus—emotional regulation

4. White matter connectivity—emotion and social processing

Adolescents undergo significant psychosocial development characterized by the
establishment of identity, autonomy, and social relationships. This period is marked
by rapid changes influenced by biological, psychological, and social factors that are

crucial for understanding their behavior and interactions. The following sections
outline key aspects of normal psychosocial development in adolescents.
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Figure 4.
Spirals affecting adolescent brain development. Source: https://www.unicef-ivc.org/adolescent-brain.

3.6 Identity formation

Adolescents strive to establish a personal identity, often exploring different roles
and beliefs. This process is influenced by peer interactions and parental guidance,
shaping their self-concept and social identity.

3.7 Autonomy and independence

A critical developmental task is achieving autonomy from parents, which involves
making independent decisions and taking responsibility for actions. This quest for
independence can lead to risk-taking behaviors, as adolescents test boundaries and
seek new experiences.

3.8 Social relationships

Peer relationships become increasingly important, providing emotional support
and a sense of belonging [16]. Romantic relationships also emerge, contributing to
emotional development and social skills.

While the majority of adolescents navigate these developmental tasks successfully,
some may experience deviations due to environmental factors, such as low parental
monitoring or high-risk peer influences, which can lead to psychosocial challenges
such as anxiety or substance abuse [17].

Understanding these dynamics is essential for supporting healthy adolescent
development.

3.9 Socioeconomic and environmental influences

Factors such as food deserts and parental influence play critical roles in the bidi-
rectional relationship between obesity and mental health. Community-level interven-
tions are essential for addressing these intertwined issues.
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4. Relationship between obesity and mental health

While the evidence strongly supports the link between obesity and mental health
challenges, it is also important to consider that not all children with obesity experi-
ence mental health issues, indicating variability in individual resilience and environ-
mental support.

Obesity significantly impacts mental health, contributing to various psychologi-
cal disorders and diminished well-being. Research indicates that higher adiposity
is causally linked to increased odds of depression and lower well-being scores, with
a one standard deviation increase in BMI correlating with a 50% higher likelihood
of current depression [18]. Additionally, obesity is associated with chronic mental
disorders, with individuals having a BMI > 30 showing a 2.32 times higher probability
of such conditions.The psychosocial effects, including weight stigma and discrimina-
tion, further exacerbate mental health issues, leading to increased psychological
distress [19].

Key associations

1. Depression and well-being: Higher BMI correlates with increased depression and
decreased well-being [18, 20].

2. Chronic mental disorders: Obesity significantly raises the risk of chronic mental
health issues

3. Psychosocial factors: Weight stigma contributes to negative self-perception and
mental health decline [19].

4.Socioeconomic and environmental factors: Factors such as food deserts and
parental influence significantly affect both obesity and mental health outcomes
[21, 22]. Community-level interventions are essential for addressing these inter-
twined issues.

5. Association with depression: A study found that 52% of girls and 27% of boys
with obesity exhibited depressive symptoms, highlighting a strong comorbidity
between obesity and mental health issues. The persistence of obesity from child-
hood into adolescence correlates with worsening internalizing symptoms, such
as anxiety and depression, by age 17 years.

Body image and self-esteem: Children with obesity report significantly higher
odds of negative body image and lower self-esteem compared to their peer. The
stigma associated with obesity can lead to social isolation and further exacerbate
mental health issues, creating a vicious cycle.

4.1 Bidirectional relationship
4.1.1 Chicken or egg?

Conversely, poor mental health can also lead to obesity, as individuals may engage
in unhealthy behaviors such as smoking, which can exacerbate weight gain This
bidirectional relationship highlights the complexity of obesity and mental health
interactions. While the evidence strongly supports the link between obesity and
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mental health challenges, it is also important to consider that not all children with
obesity experience mental health issues, suggesting a need for tailored interventions
that address individual circumstances. The relationship between obesity and mental
health is bidirectional; mental health issues can contribute to unhealthy eating habits,
while obesity can lead to psychological distress.

Conversely, some studies suggest that interventions targeting obesity can improve
mental health outcomes, indicating that addressing physical health may also allevi-
ate psychological burdens. This highlights the importance of integrated treatment
approaches for obesity and mental health in children and adolescents.

https://github.com/citation-style-language/styles/blob/master/vancouver-brack-
ets.csl

Obesity in children and adolescents has emerged as a critical global health issue,
with prevalence rates rising dramatically over the past few decades. The World Health
Organization reported an increase from 4% in 1975 to over 18% in 2016, highlighting
the urgent need for effective prevention and management strategies. This condition
not only affects physical health but also has profound implications for mental and
social well-being, necessitating a multifaceted approach to address its complex causes
and consequences.

4.1.2 Prevalence and health implications

* Approximately 20.7% of children and 22.2% of adolescents are classified hav-
ing obesity. Obesity is linked to serious health issues, including type 2 diabetes,
hypertension, and psychological disorders such as depression.

4.1.3 Causes of obesity

* Contributing factors include genetic predisposition, dietary habits, physical
inactivity, and socioeconomic influences.

* A significant portion of children engage in sedentary behaviors, with many not
participating in regular physical activity.

5. Mental health and obesity: Cause, effect, and associations

It has been proven in research that obesity is related to mental health issues in both
adults and children. The incidence of mental health issues, both diagnosed conditions
and psychosocial issues, is greater in obese individuals. The temporal relationship
between two remains yet to be established yet we have some evidence in support of
the relationship,

5.1 Does obesity breed mental health issues: What we know so far?
5.1.1 Sociobehavioral

Obesity in childhood and adolescence has widespread effect on psychosocial
development of the individual. With myriads of changes happening in physical,
mental, emotional, and social aspects of life during adolescence, the individual
is highly susceptible toward developing mental health issues. The children with
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obesity are subjected to constant picking, teasing, derogatory comments, and
bullying. Both obesity and psychiatric illness are independently associated with
stigma, teasing, and bullying [23, 24]. This in turn produces a negative self-image,
which later may manifest clinically diagnosed depressive symptoms. Compared to
their peers, adolescents with obesity report more internalized weight stigma, body
dissatisfaction, and lower self-esteem, which further affect their mental health
[23, 25]. Negative self-body image, bullying, and weight-biased peer interactions,
with negative school experiences, disrupt the psychosocial development of a child.
Obesity in preadolescent youth has been found to be predictive of bullying or
weight-based victimization. Childhood and adolescent obesity has been also linked
with comorbidities such as metabolic syndrome, type 2 diabetes, hypertension,
dyslipidemia, disordered sleep, and orthopedic problems in adult life with quiet
early onset [26-28]. Such chronic health conditions lead to repeated hospital visits,
and doctor appointments grossly affect health-adjusted quality of life (QALY)
leading to missed schools, inadequate playtime, and social interaction, which add
to an already psychosocially disturbed child [29, 30]. Adolescents with obesity
have shown to have poor suboptimal healthcare and less engagement with health
behaviors [31, 32]. Healthcare personnel find it difficult to engage with such
patients and there is poor adherence to treatment and follow-up. Adolescents with
obesity tend to have more of both internalizing (depression, anxiety) and exter-
nalizing (hyperactivity, aggression) behaviors [28].

5.1.2 Pathophysiological

Obesity’s pathophysiology involves genetics, epigenetics, environmental fac-
tors, social influences, and lifestyle choices. The rising incidence of obesity among
younger populations in the recent decades has been linked to the consumption of
high-fat, palatable foods, and a sedentary lifestyle. Research indicates that high-fat
diets trigger the release of proinflammatory cytokines, such as TNF-a and interleu-
kin (IL-1p), in the hypothalamus. This hypothalamic inflammation disrupts central
energy regulation, as well as insulin secretion and sensitivity. This localized inflam-
matory response, known as “neuroinflammation,” creates an imbalance between
microglial cells and astrocytes, impacting neurotransmitter metabolism and the
production of growth factors. Consequently, plasticity processes, including synaptic
production, remodeling, and neurogenesis, are hindered, particularly in crucial
areas such as the hypothalamus, hippocampus, and prefrontal cortex, termed as
“neuroprogression.” Ultimately, neurodegenerative processes may develop, leading
to irreversible lesions (like gliotic scars) and, crucially, the loss of neural cells in the
brain. These structural changes help explain why obesity increases the risk of psy-
chiatric disorders, including mood disorders, and establish a theoretical framework
for understanding the connection between weight status and neuropsychological
functions, such as cognitive/executive abilities and emotion regulation [33, 34]. The
hippocampus plays a vital role in cognition, memory (both long and short term),
and learning. Conditions associated with obesity, such as diabetes, hypertension,
obstructive sleep apnea (OSA), and cardiovascular diseases, negatively impact brain
volume, particularly in the hippocampus [35]. Excessive nutrition during early life
has been shown to lead to brain insulin resistance and subsequent hippocampal
atrophy, resulting in functional loss that contributes to cognitive decline and abnor-
mal eating habits later in life, perpetuating a cycle of overeating, obesity, and adverse
mental health effects [36].
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5.1.3 Genetics

Genetics have been attributed to childhood and adolescent obesity especially
having severe obesity (BMI >120% of 95th centile for age and sex), eary-onset obesity
(before age of 5 years), hyperphagia, and family history of consanguinity with devel-
opmental and physical abnormalities of genetic syndromes [37]. Syndromic forms of
obesity include Prader-Willi syndrome, Alstrdm syndrome, Brdet-Biedel syndrome,
Smith-Maegins syndrome, Cohen syndrome, Beckwith-Weidman syndrome, and
many more. Monogenetic forms include mostly various forms of leptin pathway
deficiency, MC4R deficiency, proprotein subtilisin or kexin type 1 deficiency, SRC1
deficiency, brain-derived neurotrophic factor (BDNF) deficiency, etc. [37]. Mediators
of leptin pathway are part of other signaling pathways involved in neurological
development and neurological abnormalities, and defects in the Leptin pathway,
such as executive function impairments and developmental delays, are notable. The
melanocortin-4 receptor (MC4R) defect correlates with a high incidence of attention-
deficit/hyperactivity disorder (ADHD) [38, 39]. Variants of the BDNF gene are linked
to hyperphagia and severe early-onset obesity, as well as cognitive impairments and
altered pain perception [40-42]. Prader-Willi syndrome features include intellectual
disability, pain insensitivity, aggressive behavior, and temper tantrums. Bardet-Biedl
syndrome is associated with obsessive-compulsive disorder and emotional outbursts.
Patients with Smith-Magenis syndrome exhibit self-injurious behavior, intellectual
disabilities, and stereotyped behaviors, particularly spasmodic upper-body self-
hugging [43]. As the various studies show, genetics involved in early onset obesity are
involved in neurodevelopmental pathways indicating correlation between obesity and
evolution of mental health conditions.

5.2 Can mental health conditions propagate obesity: Assumptions and facts

The prevalence of adolescent mental health conditions have increased many fold
over last few years [44]. It is because of changing socioeconomic and environmental
standards and also has better accessibility to health care facilities. As discussed above,
mental health issues and obesity have a bidirectional relationship [45]. Studies have
identified internalizing (i.e., depression) and externalizing (i.e., hyperactivity,
aggression) behaviors during middle childhood, respectively, as predictors of obesity
in late adolescence and young adulthood [46, 47]. Other studies have suggested that
childhood hyperactivity and inattention place a person at increased risk for obesity
later in life [48]. Many study findings support the hypothesis that depression is an
independent predictor of obesity [49, 50]. Adolescents with psychiatric disorders
tend to report unhealthier dietary and physical activity behaviors such as higher total
energy intake and higher intake of energy-dense and processed foods [51]. Adolescent
females with high depressive symptoms are two times more likely to develop overeat-
ing and binge eating as compared to their normal counterparts [52]. Adolescents
with bipolar disorder report worse nutrition and eating habits in comparison with
their healthy counterparts [53]. Studies also reveal association between depression
and lower levels of physical activity [54] and higher sedentary behaviors [55]. Lack
of motivation, internalized behavioral patterns, and perceived body image issues all
lead to a vicious cycle while a teen does not want engage in healthy lifestyles such as
exercise and dietary controls but rather tend to overeat. The term “emotional eating”
which refers to binge-eating episodes with changes in emotional status as described in
eating disorders is a major contributing factor to adolescent obesity [56]. Total screen

28



Obesity in Children and Adolescents and its Impact on Mental Health
DOI: http://dx.doi.org/10.5772/intechopen.1010240

time is related to higher depressive symptoms in adolescents with overweight and
obesity [57]. The rampant use of electronic device in present time has been identified
as a contributing factor for the development of psychiatric disorders [58]. Children
glued to their phone screens not only impact their mental health, but promote seden-
tary lifestyle, which in turn causes excessive weight gain.

Adolescents having psychiatric disorders are treated with psychiatric medications,
which have weight gain as a major side effect [59]. Antipsychotics that are used to
treat bipolar and schizophrenia-spectrum disorders have been associated with greater
weight gain relative to placebo or to not taking antipsychotics in young patients [60].
In particular, second-generation antipsychotics can cause significant and rapid weight
gain compared to first-generation antipsychotics [60]. Earlier use of antipsychot-
ics during childhood and adolescence results in a longer lifetime exposure to their
adverse effects leading to cumulative effect. Adolescents appear be at higher risk for
antipsychotic-induced weight gain in comparison with adults [61]. Rate of weight is
maximum in the beginning of starting an antipsychotic, usually first 3 to 6 months,
and then continues at a constant rate throughout [62]. Antipsychotic drugs have dif-
ferent weight gain propensities. Drugs such as olanzepine and clozapine have adverse
weight gain potential [63, 64]. Evidence suggests a correlation between antipsychotic-
induced weight gain and therapeutic benefit for psychiatric illness. Some studies
suggest that weight gain was associated with greater reductions in symptoms in
psychiatric illness on use of the antipsychotics [59, 65]. This is an interesting aspect
that needs further research and evidence. It is seen that the neurotransmitters such as
histamine H1 (H1), serotonin 2A/2C (5-HT2A/C), and dopamine D1/D2/D3 recep-
tors, which are implicated in the therapeutic actions of antipsychotics, are involved in
weight regulation mechanisms [66]. However, drugs such as lithium, carbamazepine,
or valproic acid derivatives are used as mood stabilizers and serotonin reuptake
inhibitors (SSRIs) used in depression evidence is more inconsistent among adoles-
cents regarding weight gain tendencies.

We have previously discussed how genetics and biologic pathways involved in
obesity can cause mental health issues. The same holds good for other way around
too. A study suggests about 12% of the genetic component implicated in depression
is the same as that of obesity [67]. Genes such as FTO, POMC, ITIH4, TLR4, BDNF,
and CREB1 show association with both obesity and various psychiatric disorders [68].
Another study demonstrated that participants with major depressive disorder who
reported increased appetite/weight during a depressive episode carried higher genetic
risk for elevated BMI and inflammatory markers [69]. Various biological mechanisms
proposed for correlating mental disorders and obesity include altered circadian
rhythms [70], dysregulated hypothalamic-pituitary-adrenocortical axis leading to
inflammation, imbalanced hormones, and neurotransmitters [71, 72].

6. Obesity-associated major psychiatric comorbidities
6.1 Depression

Depression is classified as a mood disorder. Mood disorder consists of psychiatric
symptoms characterized by deficit in emotional self-regulation. Depressive symptoms
consist of disturbance of sleep, appetite and activity, thoughts of worthlessness or
guilt, impaired concentration, low productivity and energy, and suicidal thoughts or
actions. Such adolescents show sudden withdrawal from social activity and tend to
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cope up in their personal space isolating from outside world. Overeating may be seen
with minimal physical activity level. They tend to either sleep a lot or find it difficult
to sleep. Studies have shown that relationships between obesity and depression may
be bidirectional. Youths having obesity tend to have higher occurrence of obesity as
compared to normal weight peers [73]. It has been seen that obesity increases severity
of depressive symptoms among youngsters [73]. The association between depression
causing obesity appears to be stronger than obesity causing depression as per studies
[74]. The relationship between depression and obesity is stronger among females than
males [75]. Individuals with obesity have higher chance of having suicidal thoughts
and a greater risk of premature death by suicide thoughts too [76, 77]. Obesity as a
contributor of depression is multidimensional. The social and emotional implications
of obesity over an adolescent mental health are variable but long-lasting. Adolescents
having obesity must be screened for obesity even in the absence of clinical symptoms
and appropriate intervention must be started as early as possible.

6.2 Bipolar disorder

Bipolar disorder is classified under mood disorders. Bipolar disorder comprises
of episodes of mania alternating with depressive moods. Manic episode refers to
period of abnormally and persistently elevated expansive or irritable mood with
increased goal-directed activities with associated elevated self-esteem, decreased
need for sleep, flight of ideas, distractibility, more goal-directed activities or
purposeless non-goal-directed activities, or involvement in high potential risky
activities, which may cause painful experiences (DSM-5). The manic episodes
alter with depression symptoms for various periods of time. There are various
groups of bipolar disorders based on duration and type of manic and depres-
sive episodes. Patients with bipolar disorder have increased risk of overweight,
obesity, and pathologic eating, in both adults and adolescents [78-80]. Bipolar
disorder especially type II presents with atypical depressive symptoms types
such as hyperphagia and hypersomnia may cause excessive weight gain [81, 82].
Obesity is correlated with the increased bipolar disorder severity [83, 84] includ-
ing suicidal behavior self-injury [85]. As discussed previously, some drugs like
atypical antipsychotics such as olanzapine and clozapine used to treat bipolar
disorder have weight gain potential. Patients with bipolar disorder and obesity are
difficult to treat as psychotropic drugs used in its management can induce further
weight gain, seen particularly in case of atypical antipsychotics, and their com-
bination with mood stabilizers provides a challenging scenario [79]. Association
of bipolar disorder with eating disorder, in particular binge eating disorder, leads
to a more severe form of obesity, making treatment difficult for both patient and
physician [86-88].

6.3 Eating disorders

Eating disorders are the disorders associated with dysfuctional eating patterns
associated with cognitive and emotional dysregulation. Eating disorders most
commonly associated with obesity is binge eating disorder (BED). BED refers to
recurrent episodes of episodes of excessive and uncontrolled eating to the point
of uncontrollable and painful fullness. It is different from another common eating
disorder Bulimia nervosa (BN), which is characterized by brief periods of excessive
eating followed by compensatory behaviors such as self-induced purging, laxative
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ad diuretic use, exercising. BED is highly associated with obesity associated with BN
is to a lesser extent owing to the weight-reducing activities associated with AN [89].
As discussed previously, obesity is linked with dysregulation in the leptin pathway,
which affects the hypothalamic mechanisms of energy homeostasis. Additionally,
it disrupts the reward and emotional circuits in the amygdala, leading to disordered
eating behaviors [90, 91]. The terms “food addiction” can be associated with obe-
sity and eating disorders (EDs), which stem from varied disorganization in eating
habits and deficits in the regulation of appetite, reward, and emotions localized

to the dopaminergic pathways of the mesolimbic system [91-98]. The psychologi-
cal basis of binge eating disorder (BED) is thought to be an acquired behavioral
strategy aimed at coping with adverse situations that the individual cannot manage
otherwise [99]. Emotional eating, defined as a form of dysregulated eating where
individuals feel compelled to eat in reaction to stressful situations or intense nega-
tive emotions, shows a strong connection to BED [100]. Managing BED alongside
comorbid obesity is particularly challenging, as patients with BED tend to exhibit

a poorer metabolic profile compared to those without BED and are at a higher risk
for conditions such as type 2 diabetes mellitus and fatty liver disease [101-104].
Furthermore, the combination of BED and obesity increases the likelihood of
developing psychiatric comorbidities, including anxiety and mood disorders [105].
Therefore, treating eating disorders and obesity presents a significant challenge for
healthcare professionals.

6.4 ADHD

Attention-deficit/hyperactivity disorder (ADHD) characterized by cardinal symp-
toms of inattentiveness, hyperactivity, and impulsivity is one of the most common
neurobehavioral problems of growing up. It widely affects children of school-going
age and carries over into adulthood. The possible connection between obesity and
ADHD has been widely studied and it appears to be extensive and multi-dimensional.
There is a high probability of attention-deficit/hyperactivity disorder (ADHD) in
children and adolescents with high BMI [106]. Studies show a higher body mass index
(BMI) increases the risk of developing ADHD [107]. The probable structural and
neurobiological connection between obesity and ADHD involves dysregulation in
common brain dopaminergic reward pathways, emotion regulation processes, and
executive functions [108]. Inattention in children and adolescents suffering from
ADHD leads to difficulty in controlling their overeating tendencies. The dysregulated
dopaminergic reward system makes them prone to be addicted to fatty, calorie rich
food as a means of achieving instant gratification, which is a common finding in
ADHD. Emotional dysfunction may manifest as impulsive episodes of uncontrolled
overeating. Similarly, dysregulated planning and organization functions observed
in ADHD lead to difficulties in controlling eating behavior and inattention may
cause lack of awareness of hunger and satiety, which leads to uncontrolled eating
[109]. Patients with ADHD often suffer from early insomnia due to delayed release
of melatonin [110], and lack of enough sleep has been described as one of underly-
ing mechanism in the development of obesity [111]. ADHD impacts treatment of
obesity as impulsivity and inattention makes it difficult for compliance for treatment.
However, it has been shown that treatment of ADHD in childhood reduces risk of
obesity [112]. This may be explained as reduction in cardinal symptoms of ADHD
occurs, and improvement in executive functions leads to better compliance to diet
and lifestyle changes [107].
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7. Management strategies
7.1 Therapeutic interventions

* Group psychotherapy can enhance psychosocial development by providing a
supportive environment for children to explore their feelings and social interac-
tions [113]

* Effective management requires personalized interventions, including dietary
modifications, increased physical activity, and behavioral therapy

* Pharmacological options and bariatric surgery may be considered for severe
cases, particularly in adolescents

Despite the alarming rise in childhood obesity, some argue that societal changes,
such as increased awareness and community-based interventions, may help reverse
this trend. However, the complexity of obesity necessitates ongoing research and
tailored strategies to ensure effective prevention and treatment.

Normal psychosocial development in children encompasses a range of changes
that occur from infancy through adolescence, significantly influenced by their
environment and relationships. This development is crucial for children to effectively
interact with their surroundings and build essential life skills. Key aspects of this
process include emotional, social, and cognitive growth, which are interrelated and
shaped by both intrinsic factors and external influences.

While the focus is often on typical development, it is important to recognize
that variations exist due to individual differences and external circumstances.
Understanding these nuances can help caregivers and professionals better support
children’s psychosocial growth.

7.2 Prevention and management

Overweight and obesity can be prevented. Effective prevention is crucial for
addressing the growing global epidemic. Initiatives must begin as early as the precon-
ception period.

Key strategies include:

* Ensuring appropriate weight gain during pregnancy;

* Practicing exclusive breastfeeding for the first 6 months after birth and continu-
ing breastfeeding until 24 months or longer;

* Modifying children’s behaviors toward healthy eating, physical activity, seden-
tary habits, and sleep, irrespective of their current weight status;

* Reducing screen time;

* Limiting the intake of sugary beverages and energy-dense foods while encourag-
ing healthy eating practices;

* Leading a healthy lifestyle (balanced diet, regular physical activity, adequate
sleep, and avoiding tobacco and alcohol, as well as managing emotions);
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* Minimizing energy intake from fats and sugars while increasing the consump-
tion of fruits, vegetables, legumes, whole grains, and nuts; and

* Participating in consistent physical activity.
7.3 Role of health practitioners

* Measure children’s weight and height during every visit to health facilities;
* Offer guidance on healthy diets and lifestyles;

* Upon diagnosing obesity, deliver comprehensive prevention and management
services focused on healthy eating, physical activity, as well as medical and surgi-
cal options; and

* Track other non-communicable disease risk factors (blood glucose, lipids, and
blood pressure) and evaluate for comorbidities and disabilities, including mental
health issues.

7.4 Role of community and administration

Dietary and physical activity patterns are largely influenced by environmental
and societal factors that restrict personal choices. Combating obesity is a collective
societal responsibility, and successful solutions must cultivate environments and
communities that normalize healthy eating and regular physical activity as accessible
and affordable aspects of daily life.

To stop the rise in obesity, it is essential to adopt multisectoral strategies that
encompass food production, marketing, pricing, and additional efforts focused
on addressing broader health determinants such as poverty reduction and urban
development.

Such policies and actions include:

* Structural, fiscal, and regulatory initiatives aimed at establishing healthy food
environments that make nutritious options available, accessible, and appealing;
and

* Health sector strategies are designed and equipped to identify risks, prevent,
manage, and treat diseases. These actions should build on and integrate with
broader efforts to tackle non-communicable diseases (NCDs) and enhance

health systems through a primary health care framework.

The food industry can significantly contribute to promoting healthy diets by
following:

* Reducing the fat, sugar, and salt content in processed foods.
* Ensuring consumers have access to healthy and nutritious food.

* Banning or at least restricting the promotion of foods high in salt, sugar, and fat.
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* Making healthy food choices readily available in the workplace.

* Encouraging regular physical activity within the workplace.

8. Conclusions

Obesity and mental health issues are widespread and considered significant
health challenges. Over the past few decades, obesity rates have increased by more
than 6%, and over 12% of children and adolescents experience psychiatric disor-
ders. Prioritizing self-care is crucial for developing resilience, which helps to ensure
that our children’s mental and physical health remains robust in facing challenges.
Encouraging children to concentrate on their well-being is essential. Engaging them
in activities that promote joy and relaxation effectively reduces the risks related to
obesity and mental health disorders. The basis for preventing and managing these
interrelated conditions consists of structured physical exercise, play therapy, and a
nutritious diet.
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Treatment of Adults with Obesity
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An Interdisciplinary Proposal

Liz Elaine Sowek, Marcia Regina Carletto
and Erildo Vicente Muller

Abstract

Obesity is a multifactorial chronic disease requiring interdisciplinary care. This
study aimed to evaluate the impact of a group-based interdisciplinary intervention
for adults with obesity using the Unified Health System (SUS). Conducted in Ponta
Grossa, PR, from October 2018 to June 2019, qualitative data were gathered through
semi-structured interviews with nine participants selected based on significant
quantitative outcomes. A clinical and sociodemographic questionnaire supported the
data collection. Data were analyzed using Bardin’s content analysis and QDAS Nvivo
11 software. The intervention emphasized cognitive restructuring, self-monitoring,
gamification, coping strategies, and nutritional education, led by a dietitian,
psychologist, and physical educator. Participants reported improvements in self-
awareness, behavioral changes, and health literacy. Key themes included enhanced
emotional regulation, motivation for lifestyle modifications, and perceived benefits
of group dynamics. These findings underscore the potential for replicating low-cost,
interdisciplinary interventions in public health systems, offering substantial psycho-
social and behavioral benefits in managing obesity.

Keywords: obesity, interdisciplinary intervention, qualitative analysis, behavioral
change, public health

1. Introduction

Chronic non-communicable diseases (NCDs) represent a significant challenge
to global public health due to their complexity and difficulty in control, requiring
a healthcare model that incorporates health promotion, prevention, and treatment
strategies [1]. Obesity, a chronic and multifactorial disease with epigenetic interac-
tions, is a major risk factor for comorbidities such as diabetes mellitus, dyslipidemia,
hypertension, cardiovascular diseases, certain cancers, non-alcoholic fatty liver
disease, asthma, sleep disorders, mood disorders, and eating disorders [2, 3].
Historically, obesity has been recognized since ancient times, with early anti-
obesity recommendations focusing on diet, exercise, and lifestyle changes [4]. Today,
obesity has become a global epidemic, imposing a significant burden on society and
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public health systems due to its association with high morbidity and mortality [5].
Worldwide, it is estimated that by 2025, approximately 2.3 billion adults will be over-
weight, and over 700 million will be obese. In Brazil, the prevalence of obesity has
increased by 67.8% (from 11.8% in 2006 to 19.8% in 2018), highlighting the urgent
need for organized healthcare services to address this growing demand [6].
Prevention and control of obesity require integrated actions that support indi-
viduals in adopting healthy lifestyles and maintaining or achieving a healthy weight.
Health Care Networks (RAS) play a crucial role in optimizing care at micro (individu-
als and families), meso (health services and communities), and macro (health poli-
cies) levels, promoting intersectoral collaboration and interdisciplinary approaches
[7, 8]. However, traditional unidisciplinary treatments often result in temporary
weight loss, underscoring the need for interdisciplinary strategies that address the
multifactorial nature of obesity and promote sustainable behavioral changes [1, 9].
The interest in researching this topic arose from my professional trajectory, where
I identified a gap in obesity treatment within primary care. My academic background
in nutrition and work as a nutritionist in the Family Health Support Center (NASF)
significantly influenced this research. The simplistic approach of some professionals
led me to recognize that obesity care was often individualized, fragmented, costly,
and low in resoluteness. This highlighted the need for partnerships to address such
a complex and multifactorial disease, as treating obesity unidimensionally would
be like “blowing a fan at the tip of an iceberg and expecting it to change direction.”
Therefore, I sought to develop and implement an interdisciplinary proposal for the
treatment of adults with obesity using the Brazilian Unified Health System (SUS).
This chapter focuses exclusively on the qualitative findings of a study that
implemented an interdisciplinary group intervention for adults with obesity using
the Brazilian Unified Health System (SUS). The intervention, conducted in Ponta
Grossa-PR between October 2018 and June 2019, involved nutritionists, psycholo-
gists, and physical educators using techniques such as cognitive restructuring, self-
monitoring, gamification, and nutritional education. The qualitative analysis aimed
to explore participants’ experiences, perceptions, and behavioral changes, providing
insights into the psychosocial dimensions of obesity treatment. By presenting these
findings, this chapter contributes to the development of low-cost, interdisciplinary
models for obesity care in public health systems.

2. Materials and methods
2.1 Study type

It is classified as a quasi-experimental, non-controlled, mixed-methods study,
comparing different indicators of subjects who participated in an interdisciplinary
group intervention at two distinct moments: baseline and a follow-up 8 weeks after
the end of each group.

2.2 Sample definition

The sample was intentionally selected (convenience sampling) due to the need for
an intervention focused on Brazilian Unified Health System (SUS) users diagnosed
with obesity, experiencing the consequences of the disease, and willing to participate
in the research.
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2.3 Research stages

The research was developed in two stages: the first, quantitative, and the second,
qualitative, both with three phases each. The qualitative stage was conducted after
the intervention, following three steps: (1) interviews with the four participants from
each group who showed the best results, (2) transcription and validation, and (3)
data analysis.

2.4 Ethical considerations

In accordance with the Guidelines and Regulatory Standards for research involv-
ing human subjects, as established by Resolution CNS No. 466/2012, this study was
submitted to the Research Ethics Committee of the State University of Ponta Grossa
and approved under opinion No. 2.910.450.

2.5 Semi-structured interview

This instrument was chosen because it allows greater interaction between the
interviewee and the interviewer, facilitating clarification and deeper exploration of
issues related to the research interests. The interview was developed by the author and
consists of 14 questions divided into three domains (behavioral, health, and post-
intervention outcomes), addressing topics such as habit changes, self-esteem, and
physical activity.

2.6 Participants and research location

The study participants were users of primary healthcare units who were identified
as needing habit and behavior changes. They were referred by physicians, nurses,
and community health agents, while some learned about the project through vari-
ous media channels promoted by the Communication Department of the Municipal
Government.

The research was conducted between October 2018 and July 2019 in the city of
Ponta Grossa, Parand, Brazil. Each group was initially composed of 33 individuals,

a number determined by the physical space limitations and considering a potential
sample loss of 50%, ensuring a still significant sample size. The first group concluded
with 16 participants, the second with 17, and the third with 11. Ultimately, due to
various reasons, the average number of participants who completed the sessions was
44% of those initially selected. Dropouts occurred due to absences exceeding two
meetings, conflicts with the scheduled days and times, travel, new job opportunities,
and failure to complete the required laboratory tests.

2.7 Research procedures

1. First moment of the first stage—initial questionnaire was applied, and anthropo-
metric and biochemical parameters were collected.

2.Second moment of the first stage—the intervention.

Three groups were formed at different periods, each participating in nine weekly
sessions lasting approximately two and a half hours. The intervention was named
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“New Shape” (“Nova Forma”). Three professionals facilitated the sessions: a nutri-
tionist (the study researcher), a psychologist, and a physical educator. Additionally,
nutrition interns and public health residents (pharmacists, nutritionists, physio-
therapists, and veterinary doctors) participated in the intervention. The nutritionist,
residents, and interns attended all sessions, while the psychologist participated in
three sessions and the physical educator in five.

The main techniques used during the meetings were cognitive restructuring, self-
monitoring, gamification, coping card, and nutritional education.

2.7.1 First and second moment: Post-intervention

At this stage, a qualitative analysis was conducted, and the target audience con-
sisted of four participants from each group who showed significant results in the
quantitative analysis. Characterized as a purposive sample, this group underwent a
semi-structured interview, which was recorded and later transcribed with the partici-
pants’ consent.

Of the total of 12 participants selected for this stage, 9 took part in the interview—
all of them women—resulting in a 25% sample loss. The first group had four partici-
pants, while the second had 3, as one participant was unable to attend the interview.
In the third and final group, three people agreed to participate in the interview, but
one of them (the one with the best result) was excluded from the study for not having
undergone the required laboratory tests, despite multiple requests.

To validate the interviews, the transcriptions were sent viz email or delivered in
person to each interviewee. They were given the opportunity to read, confirm their
statements, and modify their responses if they deemed it necessary. At the end of this
process, all participants agreed with the transcriptions, ensuring the validity of the
collected data.

3. Data analysis
3.1 Qualitative analysis

The qualitative analysis was conducted using content analysis as proposed by
Bardin [10]. This method works with words and allows for a practical and objective
understanding of what lies behind the discourses. That is, content analysis is a set
of techniques aimed at producing inferences from the content of communication in
a text, which can be replicable within its social context. In the analysis, the textisa
means of expression by the subject, where the analyst seeks to categorize recurring
units of text (words or phrases), inferring an expression that represents them. Itisa
fast and effective technique when applied to direct and simple discourses [11].

For each interview question, the content analysis was conducted following the
three phases proposed by Bardin [10]: (I) pre-analysis, in which, based on the “float-
ing reading” of the texts, initial ideas were organized and systematized, resulting in
an analysis plan; (II) exploration of the material, in which the decisions made were
systematically applied, and raw data were categorized; and (III) data processing and
interpretation, in which results were inferred and compared with the theoretical
framework used.

For the exploration of the material and data processing, the QDAS Nvivo 11
software was used, enabling the calculation of word frequency, construction of
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word clouds (where the size of the words is proportional to their frequency—larger
words are more frequent, and smaller words are less frequent), and, finally, cluster
analysis of the themes from question 3 based on the similarity of words and their
respective sources. The more clustered the themes are, the more sources they share
in common, meaning that the grouped themes are likely repeatedly cited by differ-
ent individuals.

After the intervention, the analyzed data were classified based on common aspects
contained in the information or on the divergent positions that stood out. From
these real data, extracted from the testimonies that symbolized the experiences and
thought styles of the [12] subjects, the possibility of re-elaborating new, more specific
categories emerged, as proposed by Cruz [13]. This adaptation can be better visual-
ized in Table 1.

After defining the context units, the recording units were established, as
presented in Table 2.

A—Priori categories B—Posteriori categories

A Starting point—in the reign of consumption, A Starting point—in the reign of consumption,
immediate pleasure, and sedentary lifestyle immediate pleasure, and sedentary lifestyle

B Lifestyle changes—primary and secondary B Lifestyle changes—primary and secondary
gains gains

C Impact on health and well-being C Impact on health and well-being

Support from the team and the group

Source: The Author.

Table 1.
Content analysis: Adaptation of a priori and a posteriori categorization.

Context unit Record unit

Starting point—In the reign of consumption, A. Mental health
immediate pleasure, and sedentary lifestyle

B. I used to get sick and had abnormal test results.

C. I felt unwell, tired, unmotivated, and had low
self-esteem.

Lifestyle changes—Primary and secondary gains A. The desire to eat is anxiety.

B. I modified my menu.

C. Today I eat more slowly.

D. I take better care of my family’s diet.

Impact on health and well-being A. In diet.

B. In physical activity.

C. Yes, I feel much better.

D. In my appearance and self-esteem.

Support from the team and the group A.Icould not do it alone.

Source: The Author.

Table 2.
Content analysis: Definition of context units with their respective vecord units.
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4. Results and discussion of qualitative data
4.1 Characterization of the qualitative sample

The group of nine interviewees consisted entirely of women, with two aged
between 31 and 40 years, three aged between 41 and 50 years, and four aged between
50 and 60 years. All participants reported weight loss during their participation in the
group, ranging from 2.8 to 8.0 kg, with an average weight loss of 6.256 kg. In compli-
ance with the commitment made and documented through the Informed Consent
Form (ICF), the identity of the participants was protected. For this reason, the
participants were assigned fictitious names: Joana, Maria, Priscila, Caroline, Cleusa,
Larissa, Talita, Pamela, and Viviane.

4.2 Content and discussion of the discourses

After the documentary analysis and the data obtained through content analysis
from the perspective of Bardin, the results obtained will be presented in detail below.

4.2.1 Starting point: In the reign of consumption, immediate pleasure, and sedentary
lifestyle

This context unit brought to light the feelings, discomforts, and problems of obese
individuals regarding their excess weight, as corroborated by Zottis and Labronici
[14], who state that: the obese body, due to low self-esteem, carries a sense of dis-
satisfaction, a feeling of worthlessness accompanied by self-deprecation and self-
reproach—that is, guilt, weakness, rejection, inferiority, and fragility. The recording
units presented below emerged from the first question asked to the interviewees,
which was about what motivated them to join a weight loss group. This question
allowed data to surface regarding feelings of discomfort, physical complaints, and a
strong desire for change.

4.2.1.1 Mental health

Among the issues mentioned were numerous failed attempts to lose weight,
feelings of frustration, sadness, guilt, depression, and isolation. The data collected
showed that 9 (100%) of the interviewees reported how excess weight affected their
mental health, as can be seen in the accounts of Joana and Caroline:

[...] Leaving the house was a suffering for me. I had veached a point where I thought
everyone would notice me, everyone would judge me |[...] (Joana)

[...] I prayed a lot to God because I wanted a way, a solution, because I did not know
where I was heading anymorve. I gained 15 kilograms in 6 months, and my marriage
almost ended [...] (Caroline)

In general, individuals with obesity experience various types of treatments for
weight loss, and anything offered to them regarding weight loss is accepted with-
out concern for possible side effects, especially if the treatment is an easy method
that does not require significant effort. This fact is confirmed in the statement of
Viviane:
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[...] I tried many times on my own, like at home, with medication, with all those
things. Everything I saw others doing, I did the same, and it did not work. My weight
only increased [...] and then I felt veally bad (Viviane).

In Joana’s testimony, the feeling of low self-esteem and the need for isolation is
evident. This statement confirms what Del Priore [15] states: “Anyone who deviates
from the ‘beauty standard’—formed by white skin, straight hair, light eyes, and a
slim, slender body—is susceptible to judgment, rejection, and criticism.”

In Caroline’s statement, the desire for change is evident. The strong desire for
change in individuals with obesity derives from physical pain and pain associated
with their body image.

What is clear is that the desire to change or reprogram a specific habit only occurs
when there is discomfort and dissatisfaction.

Another issue that emerged from the participants’ statements concerns the comor-
bidities resulting from obesity, giving rise to the second recording unit.

4.2.1.2 I used to get sick and had abnormal test vesults

The interviewees’ statements regarding health issues confirmed the quantitative
data, which indicated a prevalence of hypertension in 56.8% (n = 25), followed by
dyslipidemia in 18% (n = 8), and diabetes mellitus in 11.4% (n = 5). The development
of comorbidities is an inevitable consequence of obesity. Among the interviewees, 2
(22.2%) stated that hypertension was what drove their desire for change, as can be
seen in the statements of Priscila and Talita, respectively:

[...] I went for a consultation, and the doctor said I was pre-diabetic and that my
blood pressure was very high, usually 21 over 10 [...] (Priscila).

[...] I thought, if I keep eating like this, I'm going to die because my blood pressure
will rise even move [...] (Talita).

The statements of Priscila and Talita are corroborated by Galvdo [16] and Sacks
[17], who state that individuals with obesity have up to three times the risk of devel-
oping hypertension (HTN) and that there is a positive relationship between obesity
and the prevalence of HTN. Additionally, it can be observed that 1 (11.1%) of the
participants are aware of the effects of excesses on their health, as reported below by
Pamela:

[...] I used to get headaches. I overdid it with salt, my blood pressure would rise, I
overdid it with food, with junk food. I ate everything daily, overdid it with snacks [...]
(Pamela).

The risk factors associated with hypertension (HTN) include inadequate diet,
excessive salt intake, abusive alcohol consumption, physical inactivity, excess weight,
smoking, and disturbances in glucose and lipid metabolism. Maria mentioned how
their immunity was affected, stating:

[...] This issue of low immunity, because, my goodness, I do not know how many times
I... last year I almost died because I got pneumonia, and from pneumonia, I got a
kidney infection]...] (Maria,).
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Since obesity is considered an inflammatory disease, and a diet rich in simple
carbohydrates and fats favors intestinal bacterial imbalance, increases insulin resis-
tance, and affects the body’s defense systems, it is understood that obese individuals
are aware of the gradual deterioration of their health. They understand that they
are depleting their physical resources by committing dietary excesses and abuses.
However, they need encouragement, support, and opportunities for change. In this
sense, interdisciplinary and interprofessional support emerges as a key factor in help-
ing them overcome discouragement and low self-esteem resulting from the physical
and emotional impairment caused by obesity.

4.2.1.3 I felt unwell, tived, discouraged, and had low self-esteem

This recording unit shows how individuals with obesity struggle to perform simple
daily tasks, such as household chores and personal hygiene. Routine tasks become a
source of suffering, and losing weight means regaining quality of life, autonomy, and
self-esteem—that is, resuming daily activities and reintegrating into their social roles.

In the reports of all nine participants (100%), it was found that excess weight is
fundamentally connected to the appearance of clinical symptoms and reduced dex-
terity and motivation for work. Feelings of tiredness, dissatisfaction, low self-esteem,
shame, malaise, anxiety, anguish, sadness, and depression are recurrent:

[...] Even cleaning my house was difficult. I felt heavy and tived [...] (Talita).

[...] I felt so tived, heavy, I did not have the courage to play with my 6-year-old son
[...] (Pamela).

[...] Everything I felt was bad—fatigue, malaise [...] (Viviane).

[...] I was feeling bad. I looked in the mirror and did not feel good about myself. To do
my work, my movements, I wasn’t feeling well [...] (Cleusa).

[...] Depression, discouragement—iyou do not feel like taking care of yourself, you let
yourself go, you stop living, veally [...] (Maria).

[...] I felt heavy, bloated, tived, unmotivated. I did not feel like dressing up or even
buying clothes [...] (Viviane).

[...] You know, I stopped changing clothes in front of my husband [...] (Joana,).

[...] So when you start gaining weight, feeling bad, not even being able to take a
shower in peace or file your feet, then you start to think, ‘Hey, something has to
change’ [...] (Caroline).

Studies by Kasen et al. [18] indicate that women with a BMI of 30 or more have an
increased risk of depression, regardless of other risk factors such as age, education,
previous depressive symptoms, marital status, chronic illness, low social support, and
financial situation. In addition to bearing the weight of their body, obese individuals
carry the weight of guilt and responsibility for their obesity.

It is clear that individuals with obesity face difficulties in socializing and mak-
ing friends, in taking advantage of opportunities, and in participating in group
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physical activities, leading to increased food consumption. This occurs because
society imposes standards of beauty and youth without respecting ethnic and
racial differences, promoting a uniform beauty standard that is practically impos-
sible to achieve.

In the illustrative discourses, it became evident how their emotional balance was
affected by excess weight, as they felt inferior due to their body image, exacerbating
their low self-esteem. These data reinforce the importance of interdisciplinary work
in the treatment of obesity and highlight the significance of the psychologist’s role in
the intervention. Self-awareness, behavioral change, and respect for individuality are
essential in the transformation process.

Therefore, the changes that occurred during the sessions emerge as a context unit,
which will now be analyzed.

4.2.2 Lifestyle changes: Primary and secondary gains

The weight loss process requires lifestyle changes (Lifestyle Changes—LC) and
behavioral habits. Behavioral changes only occur when there are cognitive modifica-
tions. It is believed that individuals with obesity have dysfunctional beliefs regarding
food and weight, which end up generating feelings of guilt, anxiety, helplessness,
sadness, and difficulties in interpersonal relationships.

For behavioral change to occur, Burch [19] states that stages of conscious com-
petence in knowledge are necessary and involved in the process of progress, moving
from “incompetence” to the change of competence in a skill. These stages suggest
that, first, individuals are unaware of how little they know about their “incompe-
tence,” but when they consciously perceive it, they acquire a skill and can use it.
Finally, the skill can be employed even without being conscious of the process, that
is, when unconscious competence is acquired. The new behavior occurs through its
repetition, positive reinforcement, and self-perception about it.

The registration units depicted in the sequence show the process of change of the
intervention participants and their respective gains.

4.2.2.1 The desive to eat is anxiety

The act of eating is multifaceted and does not only mean the intake of nutrients
but also encompasses a multitude of emotions and feelings. In this sense, countless
times, one “eats” symbolically the anguish, nervousness, anxiety, fear, and frustra-
tions of daily life. When some basic needs are not met, such as high stress, few hours
of sleep, and food deprivation, emotional eating can also occur.

If we stop to reflect, from a young age, we are taught to eat for emotional reasons,
which becomes a habit; emotion becomes the trigger, and the reward is feeling good.
If a child eats everything at lunch, they get dessert; if they cry because their parents
are away, they get candy. When we become adults, we only change the pretext of the
emotions, but the habit is already formed.

Due to the fact that eating habits have been adopted for a long time, people often
do not even realize that their choices are unhealthy. In other situations, even if they
identify the need to change their eating habits, it can be very difficult due to various
factors, such as work routines and the fact that they do not give proper importance to
food. On the other hand, some people desire change, but family or peer influences can
hinder it, or they may simply become dependent on certain foods, making it almost
impossible to change this habit.
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Eating should be guided by bodily sensations, such as hunger, appetite, and
satiety—that is, eating when hungry and not just because food is available. Thus, the
first step toward achieving this change is being able to distinguish emotional hunger
from physiological hunger.

In this sense, all nine interviewees (100%) stated that they knew the difference
between hunger and the desire to eat. In the statements below, the participants’
perception of identifying this feeling is evident, as well as how they used food as a
distraction or comfort for anxiety:

[...] “Today I can stop and analyze, you know, is this hunger or anxiety? So I can
already identify whether it’s stomach hunger or that’ hunger [...]” (Cleusa)

[...] “The desire to eat is because you’re anxious, you want to eat because you’re
anxious, thinking about a situation you haven’t vesolved, so you want to kill it with
anxiety, so the hunger is a lie [...]” (Talita)

[...] “That hunger hits, and it feels like it even hurts your stomach, but I already
see that it’s anxiety, so I have to do something to distract myself, and it passes [...]”
(Viviane)

[...] “It’ like, you see things there, and then, it’s not that you’re hungry, you just feel
like eating. I have my jar of candies, my jar of cookies that I make, covered with icing,
super colorful, but today I control myself and can tell the diffevence [...]” (Caroline)

[...] “Today I know how to deal better with my emotions, right? Sometimes I'm sad,
but I don’t need to go and eat, eat, eat. I'll eat when I veally need to [...]” (Maria)

[...] “I go out, take a walk, I leave the house, go outside, tend to my plants, and I feel
that it has passed, so it wasn’t hunger to eat, it was ‘that’ desive [...]” (Cleusa)

[...] “When that crazy desire to eat hits, I have to do something to clear my mind, Ill
do something useful [...]” (Joana)

In the statements of Viviane, Cleusa, Joana, and Maria, it became clear that, after
identifying the difference between emotional hunger and physiological hunger, they
adopted strategies to manage their emotions without resorting to food. These strategies
include engaging in activities such as walking, gardening, or doing something productive,
which help them cope with anxiety or emotional triggers without eating unnecessarily.

It is evident that, after the intervention, the participants were able to identify
emotional triggers and seek alternative options instead of turning to food, which
made them feel more secure and confident. Studies indicate that recognizing eating
in response to hunger, desire, and satiety signals is inclined toward healthier eating
habits [20, 21].

In Pamela’s testimony, it is clear how the tool used during the meetings—the
hunger and satiety scale—helped her regain food autonomy and trust in her body’s
signals:

[...] “Often, it was eating move out of anxiety, you know, that thing of, Is it tasty? I'll
eat more. A compulsive thing. That scale you shared during the meetings helped me
understand the difference [...]” (Pamela)
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It is evident that the act of eating is closely linked to a person’s emotions and
how they learned to associate food with filling a void, existential pain, or seeking
satisfaction to minimize emotions like fear and anxiety. However, the participants’
statements demonstrate that this process can be reversed through learning to differ-
entiate between biological hunger and emotional hunger, as 100% of the interviewees
reported a better understanding of their body’s signals In the next registration unit,
the focus shifts to analyzing changes in eating habits and how food has become
important in their lives.

4.2.2.2 I modified my menu

Food preferences have a significant influence on health and well-being, not only
physically but also emotionally. What we eat can directly influence how we feel, as
our cells are formed by nutrients, which are modifiers and modulators of the human
body’s response, altering its functioning throughout life.

In this registration unit, all nine participants (100%) reported that after the
intervention, they made healthier food choices, replaced or reduced the consumption
of certain foods, began reading labels, and made better choices. Most importantly,
they recognized the importance of food in their lives and understood that habits and
tastes are not unchangeable but rather modifiable.

In the accounts of Talita, Maria and Viviane, it is clear how the stimulus control
technique was used when they reported planning their supermarket shopping to
avoid purchasing unwanted foods. This allowed them to modify a situation that could
have led to a loss of control over eating:

[...] “You know, I started realizing that I need to plan my shopping, go to the market,
and do the shopping myself. I have to do something for myself (...) even processed
products, I'm veplacing them. It’s a pretty radical change [...]” (Talita)

[...] “Itry to shop differently now, more fruits and vegetables. I notice and look at
other people’s carts, and I think, ‘Oh my God! I used to do that, right?’ Condensed
milk? It’s been 2 months since I bought any for my house [...]” (Maria)

[...] “Its like, I look around, I walk through the market thinking everything is toxic.
It’s funny, for those who know, I look at the shelves, read the labels, and make better
choices [...]” (Viviane)

In Joana’s statement, it is evident that she developed a taste for greens and now eats
them with pleasure rather than obligation. This aligns with the thinking of behavioral
psychologist Koster [22], who states that “we can only change bad eating habits by
making healthy food enjoyable. If we try healthy foods out of obligation—as some-
thing that requires effort—they will never be appetizing.”

[...] “Ididn’t like greens, I didn’t like them, I ate them because I had to when I was on
a diet. Now, greens ave the highlight of my plate. Vegetables, greens, I learned to like
them. I really miss them when there’s no green food for me [...]” (Joana)

Another point worth highlighting is that, in the participants’ accounts, it is clear
that access to information gave them the self-sufficiency to make better choices,
plan, and prepare meals. Food and nutrition education provides information that can
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support people in decision-making, increase their power of choice, and enable them
to exercise their autonomy in opting for healthier food choices.

Ultimately, as important as what we eat is how we eat—that is, the scenario sur-
rounding food consumption. Eating in a rush, standing up, alone, or with others are
important factors that determine which foods will be consumed and, more impor-
tantly, in what quantities. From this context, the next category to be analyzed emerges.

4.2.2.3 Today I eat more slowly

One of the most common characteristics observed in our society regarding eating
habits is the tendency to rush through meals. The habit of chewing and swallowing
food in just a few seconds dates back to the Paleolithic era and is rooted in the goal
of protecting food. Unconscious eating is also prevalent, occurring when people eat
while simultaneously engaging in other activities—such as using their phones, watch-
ing TV, studying, or working on the computer—allowing these activities to compete
with mealtime.

In the statements of all nine interviewees (100%), it is evident that the practice of
mindful eating and the tools used during the meetings—such as the set table tech-
nique, the chocolate meditation, and the food diary—were decisive in the behavioral
change process. The accounts of Cleusa, Maria, and Joana exemplify this:

[...] “Ah, eating slowly, paying attention to what I'm eating, how I'm eating, savoring
the flavor. So, the pace of eating has changed |[...]” (Cleusa)

[...] “Ididn’t set the table and ate standing up, rushing, not chewing properly. I
always thought I didn’t eat much, but when I wrote in the food diary, I realized I was
eating way move than I thought [...]” (Maria)

[...] “With the meditation, I learned to savor the taste, put the utensils down, breathe,
and eat slowly. This helped me eat less [...]” (Joana)

The practice of increasing attention while eating helps recognize satiety: eating
without distractions, focusing on the meal, resting utensils on the plate to evaluate
taste and flavor, understanding physical signals, and pausing during the meal. For
this, it is important to know that it is okay to leave food on the plate when satisfied or
when the food does not taste good—and that it’s not necessary to stop only when the
package or plate is empty. This builds a learning process around choice. Studies by
Kristeller and Wolever [23] indicate that more mindful individuals can reduce binge
eating in response to emotional stressors.

Chewing also plays an important role in the habit-changing process. When done
slowly, hormonal mechanisms are activated, promoting a feeling of satiety. People
who eat more slowly tend to have a lower energy intake compared to those who eat
quickly. Continuing with the changes observed after the intervention, we now move
on to discuss the next registration unit.

4.2.2.4 I take better care of my family’s diet

In this registration unit, it is evident that the benefits of education regarding
healthy eating can extend to the family environment and other social groups of the
participants, spreading the knowledge built during the intervention. Since women are
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often responsible for purchasing and preparing food, they have a significant influence
on the eating habits of the entire family.

Family eating habits are often reproduced in adulthood, and this has broader social
consequences than one might imagine. Improving the eating behavior of parents,
especially mothers—including weight loss—can also positively impact the family’s
dietary profile.

This was no different for most of the interviewees, with seven of them (77.77%)
reporting that their habit changes positively influenced their families, as seen in the
accounts of Joana and Cleusa:

[...] “My family is being supportive of me and also changing their lives [...]” (Joana)

[...] “My husband managed to change, not a complete change, right? He wants to have
a healthier life, and he also needed to lose weight [...]” (Cleusa)

According to Tyler and Horner [24], behaviors and lifestyles are learned within the
family, and interventions involving the family, focusing on supportive relationships,
can motivate and develop skills for changing eating behaviors.

However, two interviewees (22.22%) reported that their habit changes did not
influence their spouses, as expressed in the statements of Caroline. A possible
explanation for this is that, culturally, men are often seen as strong and invulnerable,
leading them to worry less about their health.

[...] “My husband doesn’t complain. If 1 make just a salad, rice, and meat, he’ll eat it
and won’t complain. He doesn’t ask for anything (...) but what I wanted was for him
to cut down on sweets and soda (...) I tell him that, and he says he won'’t stop having
what he likes. That’ fine, I don’t drink it, but he does [...]” (Caroline)

It is in this sense that the family stands out with the potential to maintain eat-
ing habits or not. It further reinforces that the family can assist the patient with
attitudes that serve as an example for them to adopt healthier eating habits. Thus, it
is not enough for the family member to give advice to the obese person about what
is correct, but they must also get involved in the process, seeking, for example, to
accompany them on walks or also modifying their own eating habits. In this aspect,
the family constitutes a source of support for promoting changes.

Thus, this analysis allowed us to verify the behavioral changes that occurred after
the intervention, where the development of food competencies could be observed,
such as planning purchases, healthier choices, reading labels, and differentiating
emotional hunger from physiological hunger. The effects on health and well-being that
these changes brought about emerged as the next unit of context that we will discuss.

4.2.3 Impact on health and well-being

Excess weight has significant repercussions on health, psychological well-being,
longevity, and quality of life. The treatment of obesity must go beyond weight loss,
focusing on improving overall health and long-term well-being. The registration units
shown in the sequence derive from the question presented to the participants, which
resulted in the improvement of their lives after the intervention. In this way, this
question allowed the identification of data on lifestyle changes and improvements in
quality of life.
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4.2.3.1 Diet

The association between the eating habits of an individual or population and their
health status is already extensively known. In low- and middle-income countries,
there is an increase in the availability and per capita consumption of food products
with high energy density and poor nutrients, which contributes significantly to the
obesity epidemic.

It is observed that the consumption of processed and ultra-processed foods is
relatively high in the diet of overweight adults, contributing to a greater intake of
energy, sugars, and unhealthy fats, along with low fiber content. Monteiro and
colleagues [25] emphasize that ultra-processed foods contain less than half the
dietary fiber, almost six times the number of free sugars, and significantly more
sodium and fat.

In the account of Cleusa and Talita, it is possible to see how the consumption of
soft drinks, sweets, and other ultra-processed foods was high before the interven-
tion and how they managed to reduce their intake. This type of food has become the
foundation of family diets, often replacing fresh or minimally processed foods due
to their hyper-palatability, attractiveness, sophisticated packaging, and aggressive
marketing campaigns:

[...] I no longer feel that need to always have a soft drink with me. Before, when

we went shopping, it seemed like we had to get the soft drink first and then the

other household necessities, right? Our shopping habits have changed, yes, they have
improved in quality by about 50%—more vegetables, move greens, and fruits. I did
not have much of a habit of eating fruit before, but today I consume much move. I do
not use sugar anymore [...] (Cleusa)

[...] The habit of eating chocolate and sweets—I go to the store, look at the sweets, and
think, they used to relieve my anxiety, but they did not help me at all, they only made
me gain more weight. So today, I look at them naturally; I managed to give them up.
Oh, and cookies—if I bought those filled wafer cookies, I would eat the whole package
in five minutes [...] (Talita)

In Viviane’ statement, one can see how she felt addicted to consuming these
ultra-processed foods and how taste perception can change with the intake of food
products rich in salt, sugar, fat, chemical additives, preservatives, and flavor enhanc-
ers. Especially when consumed daily, people become accustomed to them and reject
milder-tasting foods, such as fresh and minimally processed foods:

[...] I gave up soft drinks, I do not drink juice either, and I have almost completely
eliminated sugar. I realized that it is truly addictive. Once you notice, sweets in
general are too. Processed canned foods—everything industrialized—I cut them out
because of the project, right? It always encouraged us, and now we know what is right
and what is not [...] (Viviane)

For a lifestyle change, modifying eating habits alone will not yield satisfactory
results for improving quality of life and weight loss if it is not associated with physical
activity. The activities offered during the intervention in this area and their impact
will be discussed in the next recording unit.
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4.2.3.2 Physical activity

Weight reduction also leads to a decrease in problems such as back pain, leg pain,
and knee pain caused by the overload of weight on the joints, optimizing the indi-
vidual’s movement and the practice of physical exercise [1]. During the intervention,
several locations and free exercise options were made available, as one of the barriers
preventing people from exercising is the high cost and lack of an adequate place.

Additionally, participants were constantly encouraged to gradually increase their
daily physical activity and to seek exercise modalities that were enjoyable and com-
patible with their routines. The importance of the physical educator in the interdisci-
plinary team is highlighted here.

The duration of each activity varied from 20 to 90 minutes, with an average of
43.5 minutes. The frequency of activities ranged from 2 to 7 times per week, with
an average of five times per week. As observed, eight out of the nine interviewees
(88.8%) managed to incorporate physical exercise into their routine. The activities
cited were highly diverse and chosen according to each individual’s preference.

The duration and frequency were sufficient to maintain good health, as, according
to Bouchard et al. [26], 150 minutes of moderate-intensity physical activity per week,
distributed throughout the week, are necessary to achieve health benefits.

When asked whether physical activity had helped in their transformation process,
7 (77.77%) interviewees reported that it had. The testimonies of Larissa, Joana, Maria,
Talita, and Pamela clearly express their perception of the importance of exercise in
the weight loss process, improved energy levels, reduced anxiety, and socialization.
This fact is supported by Werneck, Bara Filho, and Ribeiro [27], who state that physi-
cal exercise is also important for promoting mental health by improving mood and
emotional stability and reducing anxiety and depression:

[...] Physical exercise is essential. Diet alone, even though I was doing everything
correctly, I realized that I was not able to lose weight, I1lost a lot of inches, I was even
impressed [...] (Larissa) [...]

[...] After physical activity, we feel move “relaxed,” right? More at ease. We feel less
rushed because we also become calmer about food [...] (Joana)

[...] I cannot believe I managed to stop being sedentary. My mood improved, and I
feel move energetic [...] (Maria)

[...] I love going to dance class. There, I talk, laugh—it’s a moment to unwind and
take care of myself [...] (Talita)

[...] Wow, I've grown, developed my best side—I have an athletic spirit inside me. I
wake up and do what I have to do. The word ‘laziness’ is no longer in my vocabulary.
I can walk every day, and it’s such a great feeling. My body feels light [...] (Pamela)

However, 2 (22.22%) of the interviewees, Cleusa and Caroline, mentioned that
changing their eating habits was the most important factor, as only after improving
their diet did, they feel more energized to engage in physical activity. It is well known
that a healthy diet is the foundation for achieving optimal health, especially when
combined with regular exercise. Likewise, improving health and quality of life can be
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achieved by transitioning from a sedentary lifestyle and, at the same time, by adopt-
ing better eating habits.

As previously mentioned, in addition to comorbidities, obesity leads to emotional,
marital, and sexual issues. These matters are closely linked to self-esteem and will be
discussed in the next section.

4.2.3.3 My appearance and self-esteem

Body image is shaped by what a person sees in the mirror, forming a mental
representation of themselves. This body, perceived uniquely through various
senses, can be associated with either a positive or negative self-image, often
depending on the approval of others to feel aligned with the “esthetic standards”
imposed by society.

When asked about their self-esteem before participating in the intervention, 5
(55.5%) stated it was low, 2 (22.2%) rated it as average, and the remaining 2 (22.2%)
considered it good. In contrast, after the intervention, 8 (88.88%) of the interviewees
reported that their self-esteem was excellent, while 1 (11.11%) said it was good.

These findings support what was discussed in Registration Unit 1, item C (“I felt
unmotivated, tired, discouraged, and had low self-esteem”), highlighting how an
obese person’s dissatisfaction with their body image can impact their self-esteem.
Moreover, after the intervention and weight loss, their self-esteem increased, their
mood improved, and a sense of pride in their new body emerged.

This is confirmed in the testimonies of Pamela and Cleusa:

[...] My self-esteem improved 100%, theres nothing else to say, right? Girl, I love
life, life is wonderful, everything is amazing. My mood improved, and these delicious
foods that I did not even know existed—1I can lose weight and still enjoy eating |[...]
(Pamela)

[...] I sent some photos to my sisters. Wow, they loved them! They noticed... I sent
pictures of me walking around, and they were like, “Oh my God! You look beautiful,
you lost a lot of weight, keep it up.” It feels so good to see that. I even sent them to my
friend in Goids, and she said, “Oh, girl, send me that pamphlet, that brochure—I
need to do this too!” [...] (Cleusa)

Obese individuals face difficulties in finding fashionable clothing with quality and
at affordable prices. This means they do not have the freedom to buy the clothes they
want, having to limit themselves to purchasing what fits them, as can be observed in
Larissa’s testimony:

[...] I was finally able to buy new clothes, and I could choose; I did not have to buy
just what fit. I've alveady changed my style a little, started wearing things I never used
before. You start to feel beautiful, and everything changes. Others begin to say, “Wow,
what a difference!” You become an inspiration for other people as well [...] (Larissa)

In Viviane’ testimony, it is evident how excess weight interfered with her percep-
tion of her body image and how this affected her marital life.

[...] I did not feel attractive; now my husband looks at me with desire. For my mar-
ried life, it has been wonderful. We are women, right? [...] (Viviane)
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When a woman is not satisfied with her body, she cannot feel beautiful or attrac-
tive, and she often replaces sexual pleasure with the pleasure of eating, further
aggravating the problem. Thus, this analysis allowed us to verify the benefits of the
changes that occurred after the intervention, in terms of diet, physical activity, and
increased self-esteem.

4.2.4 Support from the team and the group

Group interventions are alternatives that allow the exchange of experiences, where
participants share their achievements and challenges. This creates an encouraging
environment, fostering a sense of companionship, solidarity, and motivation. In this
context, participants’ opinions regarding the support of the interdisciplinary team
and the importance of the group in this process of change can be observed.

4.2.4.11 could not do it alone

Being part of a group that brings together people with common goals provides
an experience that can create an environment of great therapeutic value. It can help
participants overcome barriers caused by feelings of isolation, mainly by offering
them the opportunity to receive feedback and positive suggestions from others who
are going through the same challenges [28, 29].

All nine interviewees (100%) stated that the group and the interdisciplinary team
were fundamental in the process of change. In Larissa’s testimony, she emphasizes
how the participation of various professionals working together made a difference in
the process, reiterating the importance of the interdisciplinary team:

[...] It adds move knowledge because you did not just gather us to ask how our week
was; you gathered us, made a schedule, gave a lecture, talked to us, and besides you,
theve was the psychologist, the physical educator, the residents... it’s a lot. So, for
those who truly want it, they take advantage of everything, even the testimony of a
colleague. [...] (Larissa)

In the statements of Talita, Joana, and Pamela, it is evident that socializing with
people who share a common goal makes the process lighter, creating an atmosphere
of companionship, mutual support, and motivation, which strengthens group
cohesion:

[...] Even the testimony of a colleague. Because then you look and say: Wow! You think
you are the only one there, alone in the crowd, and suddenly you start seeing (...)
“Wouw, there are people in the group much thinner than me,” but everyone has their
own problem—one has diabetes, another has a knee problem. And you realize it not
easy; it’s not a mivacle. [...] (Talita)

[...] I think I would not have achieved this alone; I had tried several times before, and
the group helped a lot. [...] (Joana)

[...] This group of yours, this process you follow, is better than Facebook, better than
just following things on the internet. You cannot miss sessions because you do not want
to lose anything. I think the fact that it’s in person makes a difference—you see the
food, you talk face to face. [...] (Pamela)
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When asked whether the activities developed in the group provided them with the
support to continue on their own, eight out of nine participants (88.88%) said yes.
The statements of Viviane, Priscila, Maria, and Larissa reveal that they feel motivated
and understand that the process continues—that just because the group meetings
have ended, it does not mean they will return to old habits:

[...] Definitely. I want to follow this for the vest of my life, even after I veach my
desired weight. I will keep going, no doubt about it. As they say, obstacles will always
come our way, so we have to be prepared to face them. [...] (Viviane)

[...] I ask God never to let me forget anything I've learned because I do not intend to
abandon the habits I developed. Otherwise, Id be going backward, right? So, in my
mind, I do not want to stop doing anything I've learned. [...] (Priscila)

[...] Oh, I want to keep this forever. You have to have a focus, right? Since I feel good
today, 1 want to continue feeling good tomorrow. [...] (Maria)

[...] Ah, Ifeel a lot, very much, a lot to continue always for the rest of my life. It’s
no use stopping halfway because everything goes back, it no use, it’s forever|...]
(Larissa)

One of the interviewees (11.11%) reported having the “impression that if she had
continued in the group, she would have achieved a bit more” (Talita), although the
same interviewee stated that she believes she will be able to continue on her own. Out
of the total interviewees, 5 (55.55%) mentioned the virtual WhatsApp group, which
keeps them in touch, will provide support to continue with the new habits.

These contributions demonstrated the importance of the activities developed
during the intervention for the behavioral change of the study participants, the
improvement of self-esteem, the abandonment of the diet mentality, intuitive eating
with respect to hunger and satiety sensations, the practice of physical activity with
pleasure, and the motivation to continue alone.

Among the limitations of this work are the absence of an experimental design with a
control group and the lack of follow-up with participants in a follow-up format, which
is another point worth highlighting. In future studies, it is recommended that follow-up
sessions be conducted to help participants maintain the skills they have acquired.

Another aspect that should be considered in future interventions is the increase in
the intervention’s workload, lasting more than nine sessions, as studies with a higher
number of sessions found results indicating that the duration of the group is directly
related to its effects, especially in anthropometric and biochemical parameters.

New studies can also expand the field of research in intervention groups, identify-
ing the difficulties and limitations faced by those who did not achieve significant
results, that is, the worst outcomes. Finally, it is emphasized that the importance of
this study lies in offering a ready-to-replicate intervention model for the public health
network, with significant social impact and low implementation cost.

5. Conclusion

The group intervention proposal and its results demonstrated that the interdis-
ciplinary approach was a key factor in achieving satisfactory outcomes in changing
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eating behavior. This was evidenced in the exemplary statements, which highlighted
the recognition of emotional and physiological hunger, changes in habits, greater
autonomy in food choices, and lifestyle modifications, confirming the effectiveness of
the intervention.

The treatment of complex diseases, such as obesity, requires comprehensive
patient care and, therefore, an interdisciplinary approach. It has been observed that
the concept of interdisciplinarity is increasingly accepted, but in practice, some chal-
lenges remain, such as the lack of team spirit, difficulty in sharing information, and
insufficient communication techniques that foster empathy and bonding. Many pro-
fessionals are still not fully prepared to deal with the complexity of health problems,
particularly in populations facing various emotional, cultural, and socioeconomic
vulnerabilities. These difficulties are largely due to the training of health profes-
sionals, which is still linked to pedagogical programs and curricula that are mostly
focused on a hospital-centered approach, misaligned with public health concepts that
consider human beings in their complexity and entirety.

Based on the results and discussions presented in this study, some practical
interventions should be encouraged in health education actions within the SUS, such
as continuous support for interdisciplinary rather than merely multidisciplinary
practices, the training of nutrition professionals with an emphasis on the use of
various tools and strategies that can facilitate behavioral change—rejecting the diet
mentality and prioritizing a more compassionate approach to nutrition—the support
of municipal and state public management for interdisciplinary actions, the organiza-
tion of discussion groups on obesity within family health teams, and the promotion of
collective and public spaces for physical activity.
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Abstract

Physical inactivity is one of the main risk factors for premature mortality,
accounting for approximately 2 million deaths annually and having a significant
impact on public health. Overweight and obese individuals face even greater
challenges in maintaining physical exercise, with high dropout rates and difficulties
in losing and maintaining body weight. Although traditional guidelines recommend
specific amounts of physical activity, long-term adherence remains a critical issue.
Recent research suggests that training prescriptions should consider not only physi-
ological aspects but also the practitioner’s affective and motivational responses. This
chapter reviews the literature on aerobic and strength training prescription strate-
gies to optimize adherence in overweight and obese individuals. The dual-process,
hedonic, and self-determination theories are discussed, highlighting the role of auto-
matic and controlled affective reactions in the formation of exercise habits. Evidence
indicates that self-selected intensity, affective valence-based prescription, and social
support are effective strategies for increasing adherence. Studies show that indi-
vidualizing training and considering practitioners’ preferences contribute to greater
pleasure perception and reduced dropout rates. The integration of these principles
into exercise prescription can lead to greater engagement and long-term sustainabil-
ity. The tripartite prescription model, which combines safety, efficacy, and pleasure,
may be a more efficient alternative to promoting continuous physical activity and
reducing inactivity among overweight and obese individuals. Therefore, strategies
that consider not only intensity and workload but also the subjective exercise experi-
ence are essential to transforming exercise into an enjoyable and sustainable practice.

Keywords: exercise adherence, aerobic training, strength training, motivation,
hedonic theory, overweight, obesity
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1. Introduction

Physical inactivity is directly linked to approximately 2 million deaths per year and
is responsible for a decline in overall physical health. It accounts for twice as many
deaths as obesity and contributes to an increased risk of premature mortality from all
causes [1, 2].

Although the figures regarding overweight and obesity are alarming, the reality of
weight loss and maintenance is even more complex. When considering the likelihood
of an overweight or obese individual returning to a normal weight, the data is not
very encouraging.

A comprehensive study involving approximately 170,000 participants revealed
that the likelihood of reducing 5% of body weight or achieving a normal weight is
quite low. For men, the probability is only 1 in 1290, while for women, itis 1 in 677.
Even when individuals manage to lose weight or reach their desired weight, about
52% regain it [3].

This difficulty can be explained by the Theory of Effort Minimization. According
to this theory, the human body tends to avoid any unnecessary effort or excessive
energy expenditure. Historically, the reduction in food scarcity and the decrease
in energy expenditure have led to energy accumulation, resulting in overweight or
obesity. When individuals undergo energy restriction, most end up regaining the lost
weight due to a biological response aimed at restoring energy balance [4].

Furthermore, a comparative study on weight loss strategies revealed that severe
caloric restriction leads to greater weight loss in the first 6 months. However, weight
regain after 3 years causes many individuals to return to nearly their initial weight.
Among the available strategies, the combination of physical exercise and a hypocalo-
ric diet stands out as the most effective approach for sustainable weight loss, exclud-
ing pharmacological options [5].

According to a recent consensus from the American College of Sports Medicine
(ACSM), approximately 150 minutes of moderate-to-vigorous physical activity
per week is recommended. For weight loss, the recommendation increases to 200—
300 minutes per week at a similar intensity. Over a period of 8-12 weeks, such activity
levels can result in a weight loss ranging from 0.5 to 3 kg [6].

Effective strategies for weight loss and maintenance are not limited to physical
activity alone. They include the combination of caloric restriction with exercise, such
as aerobic training, strength training, mind-body activities like yoga, and balance
exercises. When these strategies are combined with a negative energy balance, they
lead to significant improvements in body composition. This includes reductions in
adiposity and visceral fat, as well as enhancements in muscle function, cardiorespira-
tory capacity, muscle strength, balance, and movement quality.

These factors not only contribute to better body composition but also improve
overall health and quality of life. However, adherence to these habits can be challeng-
ing. Many individuals struggle to consistently follow these recommendations and
maintain an active and healthy lifestyle.

2. Literature review

A recent systematic review analyzed adherence to aerobic and strength training
guidelines across more than 31 countries, involving over 3 million participants. The
results showed that only 17.15% of adults over the age of 18 follow both guidelines.
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Among adolescents aged 12-17, this number increases slightly to 19.45%. This means
that, on average, only 1in 5 adolescents and adults manage to meet the recommended
levels of combined aerobic and strength exercise [7].

A study evaluated the dropout rate among gym members, monitoring 5240 indi-
viduals over 12 months or until they discontinued their activities. The results showed
that the likelihood of dropping out before the third month was 63%. After 12 months,
fewer than 4% of those who started the exercise program continued practicing [8].

In 1982, Rod Dishman challenged physical education professionals to find a
balance between the ideal physiological prescription and a behavioral prescription
that is both feasible and appealing to individuals. Although significant progress has
been made in understanding the exercise doses that generate positive adaptations
in various body systems, an important gap remains: we still do not know exactly
what dose of exercise truly encourages adherence and the long-term maintenance of
exercise programs [9].

The greatest challenge for exercise science, therefore, is not only to create effective
programs that promote biological adaptations but also to offer training options that
individuals willingly adopt on a regular basis throughout their lives [10].

To this day, it seems that we have not yet identified the “ideal dose” that encour-
ages participants to remain engaged over long periods. When considering physical
exercise, our brain operates with two types of precursors. Automatic precursors
are instinctive affective reactions that make us want to approach or avoid a given
activity, while controlled precursors involve more rational attitudes and conscious
intentions. These two precursors, along with moderators such as habits, cognition,
and mood, determine whether or not we will engage in a health-related behavior, as
shown in Figure 1.

This idea is part of the dual-process theory, which helps to understand how to
predict the long-term maintenance of health and exercise-related behaviors. In other
words, slogans like “no pain, no gain” do not seem to be the best approach to attract
overweight individuals or those with low physical fitness to engage in regular physical
exercise. The dual-process theory suggests that automatic affective reactions, such as
the perception of pleasure or displeasure during exercise, are the strongest predictors
of maintaining exercise-related behavior.

Structure of the dual-process model for predicting health-related behaviors.

Automatic Precursors
Affective Reactions
Approach-Avoidance

Behavior

Copnition
Mood

Controllng Precursors
Rational Attitudes

Exgplicit Intentians

Moderators /
Habit Health-Related

Figure 1.
“Dual process model for health behavior” adapted from Ref. [4].
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2.1 Automatic precursors

o Affective reactions: Emotional responses that influence the decision to approach
or avoid health-related behaviors.

* Approach-avoidance: Instinctive tendencies that lead an individual to engage in
or withdraw from healthy activities.

2.2 Moderators
* Factors influencing the relationship between precursors and behavior:
* Habituality: The influence of established habits on health choices.
* Cognitive load: The impact of available mental capacity on decision-making.
* Mood: How emotional state affects motivation to engage in healthy activities.
2.3 Controlled precursors

* Rational attitudes: Thoughtful evaluations of the benefits and drawbacks of
engaging in health behaviors.

* Explicit intentions: Conscious commitments to performing activities that
promote health.

2.4 Health-related behavior

The intersection of automatic and controlled precursors, mediated by moderators,
results in decisions regarding the adoption and maintenance of healthy habits.

Physical education professionals often prescribe training using a bipartite model,
which focuses on the effectiveness and safety of exercise programs. However, some
authors suggest expanding this concept into a tripartite model that, in addition to
effectiveness and safety, also considers pleasure and the sense of well-being during
exercise. The perception of pleasure is a crucial factor, as it is directly linked to the
intention to repeat exercise sessions and to the long-term maintenance of exercise-
related behavior [11].

Affective responses to physical exercise can be either automatic or cognitive and
occur before, during, or after the activity. These variations in effect may be associated
with future behavior, influencing whether an individual will continue with a training
program. When exercise is perceived as enjoyable, there is a greater potential for long-
term adherence and continuity of practice [12, 13].

In a study with 250 gym members followed over 1 year, it was found that only
37% maintained regular exercise practice, training at least twice a week after 1 year.
Among those who continued the program, the perception of pleasure, the sense of
effort, and the challenge of goal-setting were the main factors associated with greater
participation in regular exercise. This reinforces the importance of creating positive
experiences during exercise sessions to promote long-term engagement [14].

The dual-mode theory suggests that aerobic exercise at moderate intensities
provides a homogeneous response zone where most individuals experience a greater
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perception of pleasure. This physiological zone is located just below the first ventila-
tory threshold. As exercise intensity increases, between the first ventilatory threshold
and the respiratory compensation point, individuals enter a vigorous intensity zone,
in which some begin to experience displeasure, while others still maintain a sense of
pleasure. This response zone varies from person to person [13].

When surpassing the respiratory compensation point and approaching VO2 peak,
the perception becomes more homogeneous, with most individuals experiencing
displeasure. Specifically, in the severe exercise zone, above the respiratory compensa-
tion point and close to VO2 peak, discomfort is almost universal (Figure 2) [13].

This response pattern is particularly relevant for individuals who are physically
inactive, overweight or obese, and have low fitness levels, as they often experience
displeasure even during light activities such as walking for transportation, cycling at a
slow pace, playing with children, or washing a car. For these individuals, it is essential
to identify physical activity options that are not only effective and safe but also pro-
vide pleasure and a sense of well-being. This may be the key to promoting long-term
adherence and improving quality of life.

A study with 485 participants investigated the discrepancy between intensity pref-
erences and prescribed intensity in physical training, evaluating its impact on per-
ceived vitality, habit formation, and weekly exercise frequency. The results showed
that the preferred intensity for most participants was moderate. When the prescribed
intensity aligned with the preferred intensity, participants reported higher vitality
scores, established more consistent habits, and had a higher exercise frequency [16].

These findings suggest that prescribing training intensities that do not align with
individual preferences may risk compromising adherence to training in the medium
and long term. Therefore, considering personal preferences when adjusting exercise
intensity can be an important strategy to promote engagement and the long-term
maintenance of regular physical activity.

Zone of
Zone of res.po?.se Zone of
variability
response response
2] Homogeneity Homogeneity
2 [More pleasure) (Less pleasure)
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Figure 2.

Representation of the dual-mode theory for continuous exercise at intensities below, at, and above the ventilatory
threshold. Ventilatory threshold (VT), Respiratory compensation point (RCP), and Peak oxygen consumption
(VO2 peak) [13, 15].
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The Self-Determination Theory suggests that the improvement of behavioral
regulations related to motivation for physical exercise is directly linked to the fulfill-
ment of basic psychological needs: autonomy, competence, and relatedness. When
training is prescribed with adequate support for these needs, individuals are more
likely to develop higher-quality motivation, characterized by more self-determined
and sustainable behavior [17].

Similarly, the Hedonic Theory suggests that people tend to repeat behaviors they
perceive as pleasurable and avoid those that cause discomfort. Positive experiences
during exercise are essential for promoting adherence and the continuity of training
programs [18].

3. Discussion

Therefore, by combining these two approaches, we can develop strategies that not
only fulfill basic psychological needs but also make physical exercise a more enjoyable
experience. This may be key to keeping individuals engaged in exercise programs
in the medium and long term, promoting not only health but also psychological
well-being.

We can apply the concepts of hedonic theory to exercise prescription. An effective
strategy is monitoring the perception of pleasure and displeasure during training
sessions. This monitoring can be conducted at the end of a set-in strength training
or during aerobic exercise, whether continuous or interval-based. Assessing the
perception of pleasure or displeasure provides a clear indication of how an individual
feels while performing the exercise, allowing for intensity adjustments that can help
promote a positive training experience.

Thus, the Feeling Scale is an instrument used to monitor affective responses
(pleasure/displeasure) during exercise sessions. It is an 11-point bipolar scale of
central affect, ranging from +5 (“very good”) to —5 (“very bad”), used as a measure
of pleasure and displeasure (Figure 3).

In this context, positive scores (+5 to +1) indicate a perception of pleasure, while
negative scores (—1 to —5) reflect a perception of displeasure. The neutral score (0)
represents the transition point between pleasure and displeasure. The use of this

How are you feeling now?

+5 Very Good
+4
+3 Good
+2
+1  Reasonably Good
0
-1 Reasonably Bad
-2
-3 Bad
-4
-5 Very Bad
Figure 3.
Felling scale [19].
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instrument can be anchored by a guiding question: During physical exercise, some
individuals may experience pleasure or displeasure. At this exact moment, how are
you feeling?

It is important to emphasize that affective valence is based on the exact moment of
the action or exercise. In this case, it does not refer to past experiences, previous ses-
sions, or prior exercise practices. This assessment is free of judgment (there is no right
or wrong) and reflects the individual’s perception at the moment of the exercise.

A proposed exercise prescription based on affect-guided training was studied with
more than 47 participants, with outcomes including gym attendance, perception of
pleasure during the exercise session, post-session pleasure, and anticipated pleasure
regarding the expectation of performing the session again. Participants engaged in
aerobic and strength training sessions, comparing traditionally prescribed intensities
with those guided by the perception of pleasure. The results showed that the training
loads in both approaches—prescribed intensity and affect-guided intensity—were
similar in terms of intensity and volume. However, participants who followed the
affect-guided intensity reported a greater perception of pleasure during the session,
more post-exercise pleasure, and increased anticipated pleasure for future sessions.
Additionally, the gym attendance of these participants was significantly higher, with a
77% increase compared to those who followed traditionally prescribed intensities [20].

These results indicate that when training loads are guided by the perception of
pleasure, they can be as effective as traditionally prescribed loads, with the additional
benefit of promoting a more positive affective response and greater adherence to
exercise programs. This reinforces the importance of considering the emotional
aspect in training planning to ensure continuity and long-term success.

Another strategy to apply the concepts of self-determination theory in exercise
prescription is to offer participants autonomy, allowing them to choose the intensity
of their workouts. Additionally, providing social support, such as engaging in group
exercise, can also be beneficial. Researchers have reported an average adherence time
of 2 years among participants who received exercise training prescriptions in a small
group format (five participants) [21].

A study compared the effects of four aerobic training protocols on the psycho-
physiological responses of physically inactive adults with overweight and obesity,
with an average age of 56 years [22].

Four protocols were analyzed:

Protocol 1: Self-selected intensity, performed individually.

Protocol 2: Prescribed intensity, between 64% and 76% of maximum heart rate,
performed individually.

Protocol 3: Small group (three participants), with prescribed intensity (64-76% of
maximum heart rate).

Protocol 4: Small group with self-selected intensity.

In the self-selected intensity protocols, participants were instructed to choose
an aerobic exercise pace they considered appropriate for their health. The evaluated
variables included heart rate, lactate, rating of perceived exertion, perception of
pleasure during training, perception of enjoyment after training, intention to repeat
the exercise session, and total work volume performed.

The results showed no significant differences between the protocols in terms of
heart rate, lactate, and perceived exertion. However, psychological responses such as
perception of pleasure, enjoyment, and intention to repeat the training session were
more favorable in the self-selected intensity protocols. Additionally, the total work
volume was similar across all protocols.
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These findings indicate that although participants performed equivalent work-
loads across different protocols, their psychological perceptions varied. The self-
selected intensity protocols were associated with greater pleasure perception, higher
enjoyment, and an increased intention to repeat the training session.

Another study conducted by our group, based on the assumptions of the hedonic
theory, investigated the psychophysiological responses of trained adults under differ-
ent HIIT training protocols [23].

The participants had an average age of 28 years and a mean body mass index
(BMI) of 24. They performed two HIIT training protocols on a cycle ergometer:

Protocol 1: 1/0.5, with high-intensity intervals of 1 minute followed by 30 seconds
of rest.

Protocol 2: 1/2, with high-intensity intervals of 30 seconds followed by 1 minute of
rest.

The following variables were evaluated: heart rate, systolic blood pressure, rating
of perceived exertion, perception of pleasure, and intention to repeat the training
session.

The results showed that physiological responses, including heart rate and systolic
blood pressure, were similar between the two protocols. However, the perception of
pleasure was 16% lower in the 1/0.5 protocol, indicating that shorter rest intervals
were perceived as less enjoyable. Consequently, the intention to repeat the session was
21% higher in the 1/2 protocol compared to the 1/0.5 protocol.

These findings suggest that in HIIT training, longer rest intervals are associated
with a greater perception of pleasure, which may positively influence the intention to
continue training and improve adherence to the exercise program.

An interesting strategy for HIIT training prescription was evaluated in a study that
tested the effect of a protocol called affect-guided interval training. In this protocol,
participants performed 60-second intervals, alternating between the highest pleasant
intensity and the lowest pleasant intensity over 20 minutes. The study aimed to reduce the
discomfort commonly associated with traditional high-intensity interval training, seeking
to make exercise a more enjoyable and sustainable experience for practitioners [24].

This approach was designed to minimize the negative sensations that often lead
to dropout or lack of adherence to high-intensity training, thereby promoting the
continuity of the exercise program.

The affect-guided HIIT training protocol was compared to two other methods:
traditional HIIT, with prescribed intensities alternating between high and low, and
HIIT with self-selected loads. The results indicated that affect-guided training pro-
vided a greater perception of pleasure during the exercise session, while physiological
responses (such as heart rate and other indicators) were similar across protocols.

A particularly interesting finding of this study was that affect-guided HIIT not
only generated greater pleasure during the session but also led to higher remembered
pleasure and a more positive future expectation regarding the performance of new
exercise sessions. This suggests that this approach may contribute to greater long-term
adherence by making the training experience more enjoyable and inviting.

In order to examine exercise intensity and psychophysiological responses in a
self-selected load training group, a study was conducted with 12 sedentary men with
an average age of 35 years. They were instructed to choose the load on their own to
complete three sets of 10 repetitions in strength training. The group chose, on aver-
age, aload equivalent to approximately 55% of a repetition maximum. This intensity
is recommended to increase the strength of sedentary individuals who do not practice
strength training regularly [25].
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Collectively, these studies indicate that self-selection of intensity, in both aero-
bic and strength training, is an effective strategy for starting training programs,
especially for people with low physical fitness, overweight, or obesity. In addition,
this approach favors a greater perception of pleasure during exercise and a greater
intention to repeat sessions, which can contribute to better adherence and long-term
maintenance in physical exercise programs.

Based on the Hedonic Theory of behavior, we can prescribe training intensities
based on affective valence. It refers to the feeling of pleasure or displeasure during
exercise. It can be a valuable tool for prescribing aerobic exercise. By monitoring how
the individual feels while exercising, it is possible to adjust the intensity to maximize
feelings of pleasure and minimize discomfort. In this way, the prescription can be
customized, keeping the intensity within a zone where the practitioner feels good,
which can increase long-term exercise adherence and make the practice more sustain-
able and enjoyable.

For the prescription of aerobic exercise, we can use the schematic model of
the Felling Scale proposed below. In this model, the score of 2 and the scores above
represent a moderate intensity, which is below the first ventilatory threshold. On the
other hand, the score of 1 to “-2” corresponds to vigorous intensity, which is at the
point of respiratory compensation. Finally, the scores from plus 2 to “-5” indicate a
severe intensity, close to VO2 peak. This model allows adjusting the intensity of the
exercise according to the practitioner’s subjective perception of pleasure, facilitating
the individualization of the aerobic prescription as shown in Figure 4.

Obesity associated with sarcopenia, known as sarcopenic obesity, represents a
serious clinical problem as it combines low muscle mass with excess adipose tissue,
intensifying metabolic and functional risks. Individuals with sarcopenic obesity have
greater insulin resistance, chronic low-grade inflammation, and an unfavorable lipid
profile, increasing the predisposition to cardiovascular diseases and the development
of type 2 diabetes. In addition, the reduction in muscle mass compromises functional
capacity, favoring decreased mobility and increasing the risk of falls, fractures, and

5
4
3
Ventilatory 2 Moderate
threshold 1 Intensity
0
-1
Resmratm:y 2 Vigarous
Compensation Intensity
Point -3
-4
VO2 peak & Severe
Intensity
Figure 4.

Schematic model adapted from the Felling Scale relating the intensities in aerobic exercise [26].
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loss of independence at older ages. The coexistence of sarcopenia and obesity also
results in a negative cycle in which limited mobility reduces the practice of physical
activities, which further aggravates muscle loss and favors fat accumulation, making
it difficult to adhere to weight loss programs [6].

Strength training emerges as a highly effective strategy to reverse the negative
effects of sarcopenic obesity, promoting significant gains in muscle mass, strength,
and functionality. Unlike aerobic training alone, which can result in additional loss
of lean mass when not accompanied by a resisted stimulus, strength training acts
directly on the preservation of muscles, stimulating protein synthesis and muscle
hypertrophy. In addition, there is evidence that resistance training improves insulin
signaling in skeletal muscles, reducing insulin resistance and aiding in glycemic
control. Another relevant aspect is its ability to modulate the chronic inflammation
associated with obesity through the release of anti-inflammatory myokines that exert
beneficial effects on systemic metabolism [6].

To maximize the benefits of strength training in sarcopenic obesity, it is essential
to adopt an individualized approach, considering the prescription of exercises that
include gradual progression of load, variation of stimuli, and adequacy to the individ-
ual’s functional capacity. Protocols that involve multi-joint exercises, with moderate to
high intensity, performed at least two to three times a week, are indicated to optimize
strength and muscle mass gains. In addition, the association of resistance training with
appropriate nutritional strategies, such as adequate protein consumption, enhances
the anabolic response to exercise and contributes to the maintenance of functionality.
Thus, strength training not only combats the negative impacts of sarcopenic obesity
but also improves quality of life, autonomy, and longevity, reducing the risk of comor-
bidities and improving the ability to adhere to sustainable weight loss programs [6].

For the prescription of strength training, one study evaluated the reliability of the
Feeling Scale for self-selection of intensity in strength training. The results showed that
itis a reliable instrument for prescribing strength exercise based on intensity percent-
ages, allowing practitioners to adjust their loads according to the sensations perceived
during training. Table 1 demonstrates the results obtained, highlighting the effective-
ness of the scale in determining appropriate intensities for strength training [27].

Autonomy in the choice of training intensities is an essential strategy to improve
the experience of individuals who are overweight, obese, and not very physically
active, taking into account not only the basic psychological needs of self-determi-
nation theory and the principles of hedonic theory, but also the factors of efficacy,
safety, and perception of pleasure. Allowing practitioners to choose the intensity of
the exercises meets the need for autonomy while promoting a greater sense of control
over the training process itself, favoring engagement.

Exercises - %1 RM

Feeling scale Leg press Leg extension Bench press Elbow curl

5 43% 37% 42% 39%

3 58% 55% 55% 54%

1 70% 65% 66% 68%

-1 81% 78% 78% 83%
Table1.

Association of the feeling scale and % of 1RM for strength training prescription [27].
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The perception of pleasure during exercise is crucial to increasing the intention to
continue, as individuals who feel good during the practice are more inclined to repeat
the experience. In addition, self-selection of intensity can ensure that exercise is per-
formed within safe and effective levels by practitioners, which is especially important
for beginners or people with lower physical fitness.

By combining autonomy with the monitoring of the perception of pleasure, we
can create an environment where physical training is perceived as safe, effective, and
enjoyable and can contribute to greater adherence and good quality motivation in the
long term. Promoting not only physiological results but also a sustainable and plea-
surable experience.

A study that explored how motivation can control body weight and impact
changes in food choices, exercise, and body mass index (BMI) over time. Their
results showed that participants who had a higher perception of autonomy in health-
related behaviors, including food choices and physical exercise, lost and maintained
the weight lost compared to participants who had a lower perception of autonomy.
Autonomous motivation is associated with healthier food choices, greater adherence
to physical exercise, and sustained long-term weight loss [28].

4, Conclusion

Adherence to exercise training programs remains one of the biggest challenges
faced by overweight and obese individuals. Although the benefits of physical
activity are widely recognized, the high dropout rates and the difficulty in main-
taining regular practice highlight the need for more effective strategies to ensure
exercise continuity. Studies show that it is not enough to prescribe programs based
only on physiological and performance criteria; it is essential that the subjective
experience of the practitioner be considered as a determining factor in his perma-
nence in practice.

The dual-process theory, the hedonic theory, and the theory of self-determination
provide solid foundations for understanding how individuals perceive and react to
physical exercise, pointing out that affective valence during practice may be a more
relevant factor for adherence than the physical results obtained. Strategies that
promote positive sensations during training, such as self-selected intensity, modula-
tion of effort based on the perception of pleasure, and the creation of a motivating
environment, are able to generate greater engagement and facilitate the formation of
sustainable habits.

In addition, individualization of training is an essential aspect to optimize adher-
ence. Choosing exercise intensity based on the subjective perception of effort and
pleasure allows exercisers to adjust their sessions autonomously while respecting their
individual preferences and limitations. Evidence indicates that this method does not
compromise the physiological effectiveness of the training and, at the same time,
significantly improves the practitioner’s experience, increasing their willingness to
maintain the practice in the long term.

Another determining factor for adherence to physical training is social support.
Sessions held in small groups or with the presence of a qualified professional can
contribute to a more motivating and welcoming environment, reducing the feeling
of discomfort and promoting a sense of belonging. Social interaction and stimulation
among participants are important factors in maintaining engagement, especially for
individuals who have a negative relationship with exercise.
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In addition, strategies such as prescription based on the perception of pleasure and
the use of tools such as the Feeling Scale allow you to monitor affective reactions to
exercise, providing immediate adjustments in intensity to avoid negative experiences.
This reinforces the importance of flexibility in prescribing training, ensuring that it is
not only effective and safe but also pleasurable for the practitioner.

The integration of the Hedonic Theory and Self-Determination Theory prin-
ciples into the training prescription can transform the experience of overweight
and obese individuals, making exercise more accessible, enjoyable, and sustain-
able. Consideration of basic psychological needs—autonomy, competence, and
relationship—and adaptation of intensities to the level of perceived pleasure are key
approaches to increasing adherence and minimizing high dropout rates.

Thus, a tripartite prescription model, which combines safety, efficacy, and plea-
sure, may be the key to reversing inactivity rates and improving long-term adherence.
The search for the “optimal dose” of exercise should not only focus on maximizing
physiological effects but also on creating experiences that individuals want to repeat
voluntarily. The new guidelines for the prescription of physical exercise should inte-
grate strategies that consider both the objective aspects of training and the subjective
responses of practitioners, promoting a more humanized and effective approach to
combating physical inactivity.

Thus, the evolution of exercise prescription practices needs to move toward a
model that not only imposes physiological challenges on practitioners but also takes
into account their motivation, pleasure, and engagement. By better understanding
the factors that influence the continuity of exercise, we can build programs that
go beyond the simple recommendation of minutes of physical activity and create a
scenario in which exercise becomes part of people’ lifestyles, promoting health and
quality of life in a sustainable and lasting way.
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Abstract

Mitochondria play a central role in cellular energy production, metabolic regula-
tion, and oxidative stress management. Their dysfunction is a hallmark of cardio-
metabolic diseases, including obesity, diabetes, metabolic-associated steatotic liver
disease (MASLD), and cardiovascular disease (CVD). Mitochondrial decline, char-
acterized by impaired oxidative phosphorylation, excessive reactive oxygen species
(ROS) production, and mitochondrial DNA (mtDNA) mutations, also accelerates
aging and contributes to cellular senescence and metabolic dysregulation. This chap-
ter explores the essential role of mitochondrial health in cardiometabolic diseases and
aging, focusing on emerging therapeutic strategies to restore mitochondrial function.
Therapeutic fasting, including intermittent fasting and caloric restriction, has shown
significant potential to enhance mitophagy, promote mitochondrial biogenesis, and
improve oxidative efficiency. Concurrently, natural supplements such as resveratrol,
curcumin, spermidine, and green tea polyphenols including vitamins have dem-
onstrated efficacy in mitigating oxidative stress, preserving mtDNA integrity, and
supporting electron transport chain activity. This chapter highlights the therapeutic
mechanisms and the potential of therapeutic fasting and natural supplements in
addressing mitochondrial dysfunction, offering innovative approaches to manage
cardiometabolic diseases, extend healthspan, and combat aging-related disorders.
The chapter also discusses the challenges and future directions for translating these
findings into clinical practice.

Keywords: mitochondrial dysfunction, cardiometabolic diseases, therapeutic fasting,
natural supplements, mitochondrial biogenesis, aging, reactive oxygen species (ROS)
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1. Introduction

Mitochondria, often referred to as the “powerhouses of the cell,” are essen-
tial organelles responsible for ATP production, metabolic regulation, calcium
homeostasis, and redox balance [1, 2]. Beyond energy metabolism, they serve as
central hubs for cellular signaling pathways, influencing cell survival, apoptosis,
and inflammation [2, 3]. This multifaceted nature places mitochondria at the
center of cellular and systemic homeostasis, with their dysfunction contributing
significantly to the pathogenesis of a wide array of diseases, particularly cardio-
metabolic disorders and aging-related conditions [4]. Cardiometabolic diseases,
including obesity, type 2 diabetes mellitus (T2DM), metabolic-associated stea-
totic liver disease (MASLD), and cardiovascular disease (CVD), are among the
most prevalent global health concerns [4]. Mitochondrial dysfunction in these
conditions manifests as impaired oxidative phosphorylation (OXPHOS), excessive
reactive oxygen species (ROS) production, and mitochondrial DNA (mtDNA)
damage, leading to energy deficits, lipid accumulation, and chronic inflammation
in metabolic tissues such as the liver, heart, and skeletal muscle [5]. This contrib-
utes to a cycle of metabolic dysregulation and cellular stress, exacerbating disease
progression.

Similarly, mitochondrial dysfunction is a hallmark of aging [6]. The mitochondrial
free radical theory of aging suggests that ROS accumulation during OXPHOS induces
mtDNA damage, resulting in mitochondrial dysfunction and exacerbated oxidative
stress [7]. Over time, this self-perpetuating cycle accelerates cellular senescence,
tissue degeneration, and age-related diseases [8]. Additionally, aging is marked by
a decline in mitochondrial biogenesis and dynamics, further impairing metabolic
capacity, immune function, and tissue repair mechanisms [5].

Given mitochondria’s pivotal role in health and disease, therapeutic strategies
aimed at restoring mitochondrial function have gained significant attention [9, 10].
Among these, therapeutic fasting and natural supplements have emerged as promis-
ing, non-pharmacological approaches to mitigating mitochondrial dysfunction.
Fasting regimens such as intermittent fasting (IF), time-restricted feeding (TRF),
and caloric restriction (CR) enhance mitochondrial quality control by inducing
mitophagy and stimulating biogenesis via AMPK, SIRT1, and PGC-1x activation.
These adaptations improve oxidative capacity, metabolic flexibility, and overall
mitochondrial efficiency. Complementing fasting, natural supplements such as
polyphenols, flavonoids, and terpenoids target mitochondrial dysfunction through
antioxidant activity, mitochondrial biogenesis stimulation, and electron transport
chain (ETC) enhancement [9]. Compounds like resveratrol, curcumin, and epigal-
locatechin gallate (EGCG) not only protect mitochondria from ROS-induced damage
but also modulate inflammatory and apoptotic pathways, supporting both metabolic
and cardiovascular health [11, 12].

This chapter explores the complex relationship between mitochondrial
dysfunction, cardiometabolic diseases, and aging, critically evaluating the
therapeutic potential of fasting and natural supplements. By integrating insights
from preclinical and clinical studies, it aims to advance mitochondria-targeted
interventions as a promising strategy for enhancing healthspan and reducing the
burden of chronic disease.
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2. Mitochondpria: Structure, function, and dysregulation
2.1 Mitochondrial structure and genome

Mitochondria are double-membrane organelles essential for cellular metabolism
(Figure 1) [1]. The outer mitochondrial membrane (OMM) is permeable to small
molecules, allowing exchange with the cytosol, while the inner mitochondrial
membrane (IMM) forms cristae that house oxidative phosphorylation (OXPHOS)
complexes or electron transport chain (ETC), maximizing ATP production [1,

13]. The intermembrane space plays a key role in proton gradient formation, and

the mitochondrial matrix contains enzymes for the tricarboxylic acid (TCA) cycle
(i.e., production of reducing equivalents, NADH and FADH, to sustain OXPHOS),
p-oxidation (oxidation of largely saturated fats to produce Acetyl Co-A to feed into
TCA), and mitochondrial DNA (mtDNA) [1, 14]. Glucose to pyruvate conversion
during glycolysis also feeds into TCA by acetyl Co-A. Reducing equivalents from TCA
donate electrons to the electron transport chain (ETC). Proton pumping across the

4 Cytoplasm\
Fatty acids
Glucose l
l Acylcarnitines
Pyruvate Mitochondrion
OMM
IMM
Acetyl-CoA «—_

. Acyl Co-A
.‘-'\

Acetyl-CoA ',

Oxaloacetate Y A [

Citrate ', FAO ,'

_ f TCA S
|
Succinyl-CoA i ) _
G'KG ATP
synthase
m@ @ @W
S 4
Figure 1.

Mitochondrial structure and core functions: The figure illustrates the basic mitochondrial structure and core
metabolic functions within the mitochondrion, that is, fatty acid p-oxidation (FAO), tricarboxylic acid (TCA)
cycle, and oxidative phosphorylation (OXPHOS)/electron transport chain (ETC). Acetyl-CoA from glucose and
fatty acids fuels the TCA cycle, which donates electrons to the electron transport chain (ETC) to produce ATP.
The outer mitochondrial membrane (OMM) facilitates acylcarnitine and other metabolite exchange, supporting
bioenergetic homeostasis. Note: the illustration was generated using BioRender.com.
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inner mitochondrial membrane (IMM) establishes an electrochemical gradient that
drives ATP synthesis via ATP synthase, generating cellular energy.

The mitochondrial genome (supercoiled structure in Figure 1) is a small, 16.6 kb
circular DNA molecule encoding 13 OXPHOS proteins, 22 tRNAs, and 2 rRNAs [1].
Despite its essential role, 99% of mitochondrial proteins are encoded by nuclear DNA
and imported [15]. Mitochondria evolved from endosymbiotic bacteria, explaining
their independent genome and maternal inheritance. Unlike nuclear DNA, mtDNA
lacks histones and has limited repair mechanisms, making it highly susceptible to
reactive oxygen species (ROS)-induced damage. Proximity to the electron trans-
port chain (ETC) further increases oxidative stress, leading to mtDNA mutations,
impaired energy production, and a vicious cycle of mitochondrial dysfunction [13].
These vulnerabilities contribute to metabolic diseases and aging, emphasizing the role
of mitochondria in cellular health [7, 15].

2.2 Functions of mitochondria

The primary function of mitochondria is ATP production through OXPHOS, a
process driven by the electron transport chain (ETC) in the IMM [16]. Electrons
derived from NADH and FADH,, generated in the TCA cycle, are transferred
through ETC complexes I-IV. This electron transfer drives proton pumping from
the matrix into the intermembrane space, creating an electrochemical gradient,
also known as the proton-motive force. ATP synthase (complex V) utilizes this
gradient to phosphorylate ADP into ATP, providing the cell with a high-energy
molecule that powers essential processes, such as protein synthesis, ion transport,
and cellular signaling [17]. However, OXPHOS efficiency can decline under stress
or disease conditions, reducing ATP production and compromising cellular func-
tion [17, 18].

While OXPHOS is essential for energy production, it is also a significant source
of ROS, primarily superoxide anions (O, "), formed by electron leakage at com-
plexes I and III [17, 18]. Mitochondria maintain redox homeostasis through anti-
oxidant systems, including superoxide dismutase (SOD), glutathione peroxidase,
and catalase [1, 19]. These systems mitigate ROS accumulation, which is critical
for preventing oxidative damage to lipids, proteins, and DNA. Additionally,
low levels of ROS function as signaling molecules, regulating processes such as
mitophagy and cellular adaptation to stress [1]. Mitochondria play a pivotal role
in calcium (Ca**) homeostasis by buffering cytosolic Ca** levels [20]. The mito-
chondrial Ca®* uniporter (MCU) mediates Ca** uptake into the matrix, where it
regulates key metabolic enzymes, such as pyruvate dehydrogenase and isocitrate
dehydrogenase, enhancing ATP production [21]. Dysregulated mitochondrial
Ca’* handling can trigger pathological conditions, including ischemia-reperfusion
injury and neurodegeneration.

Mitochondria are central regulators of apoptosis, a programmed cell death
pathway critical for tissue homeostasis [22]. During intrinsic apoptosis, pro-apoptotic
signals such as Bax and Bak permeabilize the OMM, releasing cytochrome c into the
cytosol. Cytochrome c forms a complex with apoptotic protease activating factor-1
(Apaf-1) and caspase-9, initiating the caspase cascade that leads to cell death [23].
Mitochondrial dysfunction, characterized by excessive ROS or mtDNA damage, can
dysregulate apoptosis, contributing to pathological conditions such as cancer and
neurodegenerative diseases [24].
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2.3 Mitochondrial dysfunction in diseases and aging

Mitochondrial dysfunction in metabolic diseases often begins with impaired
OXPHOS (Figure 2) [25]. ETC inefficiency reduces ATP synthesis, creating an energy
deficit that disrupts cellular processes [26]. In insulin-resistant states, such as T2DM,
defective OXPHOS in skeletal muscle and adipose tissue impairs glucose and lipid
metabolism, exacerbating hyperglycemia and lipid accumulation. In the heart, energy
deficits contribute to contractile dysfunction and heart failure [27]. Pathological
conditions characterized by mitochondrial dysfunction often involve excessive
ROS production [5]. When antioxidant defenses are overwhelmed, ROS react with
lipids, proteins, and DNA, leading to oxidative damage [1, 18]. Lipid peroxidation
compromises membrane integrity, while protein oxidation impairs enzyme function.
Oxidative damage to mtDNA reduces ETC efficiency, perpetuating ROS generation.
This vicious cycle contributes to the pathogenesis of MASLD, CVD, and neurodegen-
erative disorders [11, 26, 27].

fitochondnal Healthy mitochondria
biogenesis \ .

Inflammation and
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chronic diseases and
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Mitochondrial ROS-mediated
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s

Figure2.

Mitochondrial dysfunction and ROS-mediated cellular injury in cardiometabolic diseases and aging: The figure
illustrates the progression of mitochondrial dysfunction and its impact on cellular health, particularly in the context
of cardiometabolic diseases and aging. 1. Healthy mitochondria (indicated with intact inner membrane structures
and coupled OXPHOS with normal energy production) maintain efficient ATP production, metabolic balance, and
mitochondrial biogenesis, vegulated by key pathways such as AMPK, SIRT1, and PGC-10/PGC1A. 2. Damaged
mitochondria exhibit mtDNA mutations, impaired oxidative phosphorylation (OXPHOS), and excessive reactive
oxygen species (ROS) production, which drive mitochondrial dysfunction and cellular stress. Strategies activating
mitochondrial biogenesis and critical metabolic mediators such as SIRT1, AMPK, and PGC1A inhibit mitochondrial
damage. 3. Mitochondrial ROS-mediated cellular injury leads to widespread oxidative damage, promoting
inflammation and impaired metabolic functions. These events lead to the development of various cardiometabolic
diseases (e.g., obesity, diabetes, and cavdiovascular disease) and accelevate aging-velated processes, contributing to
conditions like neurodegeneration and muscle decline. Note: the illustration was genervated using BioRender.com.
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Accumulation of mtDNA mutations is a hallmark of aging and metabolic diseases
[28]. These mutations disrupt the synthesis of ETC proteins, further impairing
OXPHOS [29]. Additionally, age-related declines in mitochondrial quality control
mechanisms, such as mitophagy, exacerbate dysfunction [30]. Mitophagy, the
selective autophagic removal of damaged mitochondria, is regulated by proteins such
as PINK1 and Parkin [31]. Impaired mitophagy results in the accumulation of dys-
functional mitochondria, contributing to cellular stress and metabolic decline [19].
Mitochondrial dynamics, encompassing fission, fusion, and mitophagy, are critical
for maintaining mitochondrial integrity [31]. Fission facilitates mitochondrial distri-
bution during cell division and the removal of damaged mitochondria, while fusion
promotes complementation between mitochondria, enhancing functional capacity.
Dysregulation of these processes leads to fragmentation and the accumulation of
defective mitochondria. For instance, excessive fission, mediated by dynamin-related
protein 1 (Drpl), has been implicated in MASLD progression, while reduced fusion,
regulated by mitofusins (Mfn1/2), contributes to cardiac dysfunction [32, 33].

3. Mitochondrial dysfunction in cardio and metabolic (cardiometabolic)
diseases

Mitochondria are central regulators of energy metabolism, making their dysfunc-
tion a critical factor in the pathogenesis of cardiometabolic diseases [7, 19, 24, 34].
Altered mitochondrial activity disrupts energy homeostasis, promotes oxidative
stress, and triggers inflammatory pathways, contributing to the development and
progression of obesity, diabetes mellitus, metabolic-associated steatotic liver disease
(MASLD), and cardiovascular diseases (CVD) [35]. This section explores the specific
roles of mitochondrial dysfunction in these conditions.

3.1 Obesity

Obesity-induced mitochondrial dysfunction disrupts energy metabolism in
adipose tissue and skeletal muscle, leading to metabolic inflexibility [33, 36]. In
adipocytes, impaired mitochondrial biogenesis and FAO reduce oxidative capacity,
contributing to lipid accumulation. In skeletal muscle, decreased mitochondrial
content, ETC activity, and PGC-1a expression impair glucose and lipid utilization [37,
38]. This dysfunction promotes lipid intermediate accumulation (e.g., diacylglycerols
and ceramides), triggering inflammation and insulin resistance [26]. Additionally,
excess lipids overwhelm mitochondrial oxidative capacity, leading to incomplete fatty
acid oxidation, toxic byproduct formation (e.g., acylcarnitines), reactive oxygen spe-
cies (ROS) production, and systemic metabolic dysfunction [26, 37].

3.2 Diabetes mellitus and insulin resistance

Diabetes mellitus type 2 (T2DM) is characterized by chronic hyperglycemia due
to impaired insulin secretion and action, with mitochondrial dysfunction playing
a central role [39]. In pancreatic f-cells, defective glucose-stimulated insulin secre-
tion (GSIS) arises from impaired ATP production, reducing the ATP/ADP ratio
needed to close K*-ATP channels and initiate insulin release [38]. In skeletal muscle
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and adipose tissue, mitochondrial dysfunction disrupts insulin signaling, impairing
glucose uptake and driving insulin resistance. Defective OXPHOS increases electron
leakage and ROS production, damaging mitochondrial proteins, lipids, and mtDNA
[40]. Excess ROS further exacerbates insulin resistance, highlighting mitochondria-
targeted antioxidant therapies as potential interventions for diabetes management
[18, 26, 41].

3.3 Metabolic dysfunction-associated steatotic liver disease (MASLD)

MASLD, including hepatic steatosis and steatohepatitis (MASH), is driven by
mitochondrial dysfunction [42]. Impaired FAO due to reduced CPT1 and acyl-
CoA oxidase activity leads to lipid accumulation and energy deficits, sensitizing
hepatocytes to lipotoxicity [3, 43]. Dysfunctional mitochondria generate excess
ROS, causing oxidative damage, inflammation, and fibrosis. ROS and lipid per-
oxidation products activate Kupffer and stellate cells, promoting cytokine release
and fibrotic remodeling [24]. Additionally, mitochondrial dysfunction impairs
mitophagy, leading to the accumulation of damaged mitochondria that further
amplify oxidative stress and inflammation [44]. Impaired mitophagy exacerbates
mitochondrial damage, while reduced mtDNA copy number and biogenesis drive
hepatocyte apoptosis and fibrosis, increasing the risk of cirrhosis and hepatocel-
lular carcinoma [45].

3.4 Cardiovascular diseases (CVD)

Mitochondria are central to myocardial ischemia-reperfusion (IR) injury, where
ischemia-induced OXPHOS impairment forces cardiomyocytes to rely on anaero-
bic glycolysis, leading to energy deficits and mitochondrial destabilization [46].
Reperfusion triggers ROS surges, damaging mitochondrial membranes, ETC com-
plexes, and mtDNA, inducing mitochondrial permeability transition pore (mPTP)
opening [47]. mPTP opening causes mitochondrial swelling, cytochrome c release,
and activation of apoptotic pathways, leading to cardiomyocyte death [1, 27]. In heart
failure, mitochondrial dysfunction reduces ATP production, ETC activity, and FAO
efficiency, impairing cardiac contractility [48, 49]. In atherosclerosis, dysfunctional
mitochondria in vascular endothelial cells and macrophages generate ROS, activating
NF-kB and NLRP3 inflammasomes, promoting inflammation, plaque formation, and
cardiovascular risk [50]. These changes accelerate plaque instability, increasing the
risk of thrombosis and acute cardiovascular events.

4. Mitochondrial dysfunction and aging

Mitochondria are not only the energy factories of the cell but also central regula-
tors of numerous processes critical for cellular and organismal health [19]. With
advancing age, mitochondrial function declines, leading to cumulative cellular
dysfunction that underpins the aging process and the development of age-related
diseases. This section briefly describes the mechanisms linking mitochondrial
dysfunction to aging, with a focus on the mitochondrial free radical theory of aging,
age-associated declines in mitochondrial function, and the role of mitochondrial
dysfunction in driving age-related diseases.
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4.1 The mitochondrial ‘free radical theory of aging’ and age-related decline in
mitochondrial functions

The mitochondrial ‘free radical theory of aging’ (MFRTA), proposed by Harman in
1972, posits that aging results from ROS-induced damage during OXPHOS (Figure 2)
[51]. Mitochondria serve as both the primary source and target of ROS, with excessive
ROS leading to oxidative damage of mtDNA, proteins, and lipids. ROS, such as superoxide
anions (O,), hydrogen peroxide (H,0,), and hydroxyl radicals ('OH), are byproducts
of ETC activity [1]. Due to a lack of histones and limited repair capacity, mtDNA is
particularly vulnerable to mutations, impairing ETC function and further increasing ROS
production [51]. Key studies have demonstrated that mtDNA mutations accumulate with
age and correlate with declining mitochondrial function [28, 52]. This self-perpetuating
cycle exacerbates mitochondrial dysfunction, bioenergetic deficits, and cellular stress,
driving age-related decline. In transgenic mouse models expressing proof-reading-
deficient mitochondrial DNA polymerase (Poly), accelerated accumulation of mtDNA
mutations leads to premature aging phenotypes, including hair loss, osteoporosis, and
reduced lifespan. These findings highlight the causal role of mtDNA damage in cellular
dysfunction, apoptosis, and the aging process [24, 53, 54].

Aging is also associated with dysregulated mitochondrial biogenesis, dynam-
ics, and quality control mechanisms, leading to the accumulation of dysfunctional
mitochondria [14, 19]. Mitochondrial biogenesis, regulated by nuclear receptor
estrogen-related receptor alpha (ESRRA/ERRa) and PGC-1«, declines with age,
reducing mitochondrial density and function [55]. Aging is associated with reduced
PGC-1a activity, leading to diminished mitochondrial biogenesis and a decline in
mitochondrial density [56, 57]. Mitochondrial dynamics, including fusion (medi-
ated by Mfn1, Mfn2, and OPA1) and fission (regulated by Drpl), are critical for
maintaining mitochondrial integrity [4]. However, aging reduces fusion and increases
fission, leading to fragmented, inefficient mitochondria prone to ROS production.
Additionally, mitophagy, a selective autophagy process crucial for clearing damaged
mitochondria, becomes impaired with age [55]. This process is regulated by PINK1
and Parkin, which tag dysfunctional mitochondria for degradation [31]. Age-related
declines in mitophagy result in the accumulation of defective mitochondria, further
amplifying ROS generation and cellular stress (19Srivastava, 2017 #37). These dys-
functional mitochondria release pro-apoptotic factors like cytochrome ¢, promoting
cellular senescence and tissue degeneration [58].

The accumulation of senescent cells, which exhibit elevated ROS production and a
pro-inflammatory phenotype, contributes to chronic inflammation (inflammaging)
and tissue dysfunction in aging [59]. This is particularly detrimental in post-mitotic
cells such as neurons and cardiomyocytes, which heavily rely on mitochondrial
function. Mitochondrial dysfunction impairs ATP production, disrupting tissue
repair and regeneration, exacerbating age-related diseases, and promoting systemic
decline. Collectively, mitochondrial dysfunction drives the aging process through
ROS accumulation, impaired mitochondrial biogenesis, defective dynamics, and
insufficient mitophagy, leading to bioenergetic deficits, chronic inflammation, and
cellular senescence.

4.2 Mitochondrial dysfunction as a driver of age-related diseases

Mitochondrial dysfunction is a key contributor to age-related diseases, includ-
ing neurodegeneration, sarcopenia, and cardiometabolic disorders [28, 44].
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Neurodegenerative diseases are strongly linked to mitochondrial dysfunction due

to the high energy demands of neurons and their dependence on OXPHOS [60]. In
Alzheimer’s disease (AD), mitochondrial dysfunction is evident in reduced ETC
activity, decreased mitochondrial biogenesis, and impaired mitophagy [61]. Amyloid-
beta (Ap) aggregates disrupt mitochondrial membranes, increasing reactive oxygen
species (ROS) production, which exacerbates tau hyperphosphorylation and neuronal
damage [62]. In Parkinson’s disease (PD), mutations in PINK1 and Parkin impair
mitophagy, leading to accumulation of dysfunctional mitochondria in dopaminergic
neurons, resulting in energy deficits and neurodegeneration [63].

Sarcopenia, the age-related decline in skeletal muscle mass and function, is driven
by mitochondrial dysfunction [64]. Aged muscle exhibits reduced mitochondrial
content, impaired OXPHOS, and increased ROS, leading to ATP depletion and muscle
atrophy [65]. ROS-induced activation of proteolytic pathways, such as the ubiquitin-
proteasome system and autophagy, accelerates muscle degradation [66]. Additionally,
the decline in mitochondrial quality control results in damaged mitochondria
accumulating in muscle fibers, exacerbating metabolic and contractile impairments.
Cardiometabolic diseases, including heart failure, atherosclerosis, and metabolic
syndrome, are also linked to mitochondrial dysfunction [67, 68]. In the heart, mito-
chondrial defects reduce ATP production, impair contractility, and promote cardiac
remodeling [49, 56, 67]. Aged cardiac tissues exhibit reduced ETC activity, decreased
mitochondrial biogenesis, and oxidative damage. In vascular endothelial cells,
mitochondrial dysfunction disrupts nitric oxide (NO) production, leading to vascular
stiffness and endothelial dysfunction [50]. ROS overproduction activates NF-kB and
NLRP3 inflammasomes, driving inflammation and atherosclerosis [69]. In metabolic
syndrome, impaired FAO and glucose metabolism lead to lipotoxicity, insulin resis-
tance, and increased risk of T2DM and CVDs [41].

Mitochondrial dysfunction is both a cause and consequence of aging, contributing
to cellular senescence, chronic inflammation, and impaired tissue regeneration. The
MFRTA links ROS-induced damage to progressive mitochondrial decline. Therapeutic
strategies such as caloric restriction, exercise, and pharmacological interventions
targeting mitochondrial pathways hold promise in extending healthspan and reduc-
ing the burden of age-related diseases. Addressing mitochondrial dysfunction may
provide new avenues for promoting healthy aging and improving quality of life.

5. Therapeutic fasting and mitochondrial health

Therapeutic fasting has gathered significant interest as a non-pharmacological
intervention to improve metabolic health and mitigate the effects of aging (Figure 3).
Mitochondria, as the central regulators of cellular metabolism, are profoundly influ-
enced by fasting [70]. By altering energy availability and signaling pathways, fasting
promotes mitochondrial adaptation, enhances quality control, and reduces oxidative
damage [10]. This section briefly discusses the mechanisms through which fasting
impacts mitochondrial health, describes different fasting regimens, and reviews
preclinical and clinical evidence supporting their efficacy.

5.1 Mechanisms of action

Fasting enhances mitochondrial quality control, metabolic efficiency, and oxida-
tive stress resistance through several interconnected mechanisms [55, 71]. It promotes
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Figure 3.

Restoration of mitochondrial health through thevapeutic fasting and natural supplements: The figure illustrates
the strategies to reverse mitochondrial dysfunction and enhance metabolic vesilience in cardiometabolic diseases
and aging. Damaged mitochondria (at the bottom of the central panel) exhibit oxidative stress, mitochondrial
DNA (mtDNA) damage, and excessive reactive oxygen species (ROS) production, leading to impaired

energy metabolism and disease progression, as shown in Figuve 2. Therapeutic fasting (left panel) promotes
mitophagy, mitochondrial biogenesis (via AMPK/SIRT1/PGC-1a), oxidative stress reduction, and metabolic
flexibility, facilitating mitochondrial renewal. Natural supplements (right panel) such as polyphenols, flavonoids,
terpenoids, omega-3 fatty acids, and NAD" precursors support antioxidant defense, mDNA protection, and
electron transport chain (ETC) efficiency, improving mitochondrial function. Thus, healthy mitochondria (top of
the central panel) vepresent restored mitochondrial integrity, optimized ATP production, and enhanced metabolic

efficiency, achieved through combined fasting and supplementation strategies. Note: the illustration was generated
using BioRender.com.

mitophagy, a selective form of autophagy that removes damaged mitochondria, pre-
serving mitochondrial integrity and preventing oxidative damage. Reduced nutrient
availability during fasting activates AMPK and inhibits mTOR, leading to the phos-
phorylation of ULK1, which initiates autophagosome formation [72]. Additionally,
fasting increases the expression of PINK1 and Parkin, key regulators that tag dys-
functional mitochondria for degradation. Studies show that intermittent fasting (IF)
enhances mitophagy in skeletal muscle, liver, and heart, reducing lipotoxicity and
protecting cardiac myocytes from ischemic injury [73]. Fasting also stimulates key
metabolic pathways, including AMPK, SIRT1, and PGC-1a, which regulate mito-
chondrial biogenesis and energy metabolism [74]. Increased AMP/ATP ratios activate
AMPK, enhancing FAO, mitophagy, and mitochondrial biogenesis. Meanwhile,
elevated NAD" levels activate SIRT1, leading to the deacetylation of PGC-1a, which
drives the expression of genes involved in mitochondrial function and ETC assembly.
These adaptations improve OXPHOS efficiency, increase mitochondrial density, and
enhance cellular energy production.

A key benefit of fasting is its ability to reduce ROS production and oxidative
stress, primarily by shifting metabolism toward FAO and ketogenesis, which
decreases reliance on glucose oxidation [10]. Fasting also enhances antioxidant
defenses by increasing superoxide dismutase (SOD) and glutathione peroxidase

92



Mitochondrial Health in Cardiometabolic Diseases and Aging: Clinical Applications...
DOI: http://dx.doi.org/10.5772/intechopen.1009875

activity, which scavenge ROS and protect mitochondrial DNA (mtDNA) from oxida-
tive damage [75]. Furthermore, fasting stabilizes mitochondrial membrane potential,
reducing electron leakage and mitochondrial lipid peroxidation, as evidenced by
decreased levels of malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE)

in caloric restriction (CR) studies [1]. Fasting enhances substrate utilization and
metabolic flexibility, allowing mitochondria to efficiently switch between glucose
and fatty acids for energy production. It also upregulates ketogenesis, producing
ketone bodies such as p-hydroxybutyrate (BHB), which serve as an efficient alterna-
tive fuel for mitochondrial OXPHOS, reducing glucose dependency and muscle
protein breakdown [76, 77]. Research has shown that fasting increases mitochondrial
respiratory capacity in skeletal muscle, improving metabolic flexibility and energy
efficiency [78]. Through these mechanisms, fasting optimizes mitochondrial func-
tion, enhances metabolic resilience, and protects against age-related and metabolic
diseases.

5.2 Types of fasting regimens

Intermittent fasting (IF) involves alternating periods of fasting and feeding,
typically on a daily or weekly basis. Common protocols include alternate-day
fasting (ADF), 5:2 fasting (5 days of normal eating and 2 days of fasting), and 16:8
time-restricted feeding (16 hours of fasting and an 8-hour eating window) [79].

IF has been shown to enhance mitochondrial biogenesis, reduce oxidative stress,
and improve metabolic flexibility [79]. Time-restricted feeding (TRF), a variant
of IF, restricts food intake to specific windows of time each day. TRF aligns nutri-
ent intake with circadian rhythms, optimizing mitochondrial function and energy
metabolism [79, 80].

Caloric restriction (CR) involves reducing daily caloric intake without mal-
nutrition, typically by 20-40% [81]. CR is one of the most extensively studied
interventions for extending lifespan and delaying age-related diseases. CR enhances
mitochondrial efficiency, reduces ROS production, and increases antioxidant
defenses. Prolonged fasting involves fasting for 24-72 hours or longer, often accom-
panied by a shift to ketogenesis [82]. Prolonged fasting induces deep autophagy and
mitophagy, promoting mitochondrial renewal and metabolic adaptation [71]. Clinical
studies suggest that prolonged fasting improves mitochondrial function in individuals
with metabolic syndrome and other chronic conditions [81].

5.3 Evidence from preclinical studies

Numerous preclinical studies have demonstrated the benefits of fasting on
mitochondrial function in models of metabolic diseases [73, 83, 84]. In obese
mice, IF enhances mitochondrial FAO and reduces lipid accumulation in the liver,
improving insulin sensitivity [83]. In high-fat diet (HFD)-induced models of
diabetes, fasting restores mitochondrial respiratory capacity in skeletal muscle,
reducing ROS production and inflammation [83]. CR has been shown to increase
mitochondrial biogenesis in the heart and liver, protecting against diet-induced
oxidative stress and metabolic dysfunction [73]. In rodents with MASLD, fasting
reduces hepatic steatosis by enhancing mitophagy and FAO, while reducing inflam-
matory markers [83].

Fasting regimens have also been shown to mitigate age-related mitochondrial dys-
function in animal models [79, 85]. CR extends lifespan and preserves mitochondrial
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integrity in aged mice, partly by maintaining PGC-1« activity and mitochondrial
dynamics [86, 87]. Studies in Drosophila indicate that fasting improves mitochon-
drial proteostasis and delays the onset of age-related neurodegeneration [88].
Prolonged fasting in aged rodents enhances mitophagy and reduces markers of oxi-
dative damage, such as 8-ox0-dG in mtDNA [89]. These findings suggest that fasting
preserves mitochondrial function and reduces cellular senescence in aging tissues.

5.4 Evidence from clinical studies

5.4.1 Improvements in insulin sensitivity, lipid profiles, and mitochondrial efficiency
in humans

Clinical trials have shown that fasting improves insulin sensitivity and glucose homeo-
stasis by enhancing mitochondrial function [79]. In overweight and obese individuals, IF
reduces fasting glucose and insulin levels, increases mitochondrial respiratory capacity
in skeletal muscle, and decreases lipid peroxidation markers [80]. CR has similar effects,
with reductions in triglycerides and improvements in mitochondrial efficiency observed
in humans undergoing a 25% caloric deficit [82]. Fasting-induced ketogenesis also
improves metabolic flexibility in humans, enhancing mitochondrial substrate utilization
during exercise [85]. In patients with metabolic syndrome, prolonged fasting reduces
hepatic lipid accumulation, improves mitochondrial FAO, and lowers inflammatory
markers such as C-reactive protein (CRP) [79].

5.4.2 Effects of fasting on cardiovascular health and aging biomarkers

Fasting improves cardiovascular health by reducing oxidative stress, inflamma-
tion, and endothelial dysfunction [81]. Clinical studies show that IF lowers blood
pressure, improves lipid profiles, and enhances mitochondrial function in endothelial
cells [73]. These effects reduce the risk of atherosclerosis and other cardiovascular
complications. Fasting has also been shown to influence aging biomarkers in humans
[85]. In a study of older adults, CR reduced levels of circulating ROS and improved
mitochondrial biogenesis markers such as PGC-1a [90]. Additionally, fasting regi-
mens have been associated with increased levels of circulating f-hydroxybutyrate, a
ketone body with protective effects on mitochondrial function and aging [91].

Thus, therapeutic fasting exerts profound effects on mitochondrial health through
mechanisms that enhance quality control, reduce oxidative stress, and improve meta-
bolic flexibility. Fasting regimens such as IF, TRF, and CR have demonstrated benefits
in preclinical and clinical studies, improving mitochondrial function and reducing
the burden of metabolic and aging-related diseases. These findings underscore the
potential of fasting as a non-invasive intervention to restore mitochondrial health and
promote longevity. Future research should focus on optimizing fasting protocols and
elucidating molecular mechanisms to maximize clinical efficacy.

6. Natural supplements and mitochondrial function
Natural supplements derived from plants, marine sources, and other natural

origins have emerged as potential therapeutic agents for restoring mitochondrial
function and mitigating oxidative stress (Figure 3) [5]. These compounds exert their
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effects through multiple mechanisms, including antioxidant activity, activation of
mitochondrial biogenesis, protection of mitochondrial DNA (mtDNA), and improved
electron transport chain (ETC) efficiency [92]. This section briefly provides an analy-
sis of the mechanisms of action, key natural products, and evidence from preclinical
and clinical studies highlighting their role in enhancing mitochondrial health.

6.1 Mechanisms of action

Natural supplements enhance mitochondrial function primarily through antioxi-
dant activity, mitochondrial biogenesis, and mtDNA protection [92]. Mitochondria
generate reactive oxygen species (ROS) as byproducts of electron transport chain
(ETC) activity, leading to oxidative damage. Polyphenols and flavonoids, such as
resveratrol and EGCG, scavenge ROS and upregulate endogenous antioxidants like
SOD, catalase, and glutathione peroxidase. These compounds also activate mitochon-
drial biogenesis by targeting AMPK, SIRT1, and PGC-1q, increasing mitochondrial
density and respiratory efficiency [93, 94]. Coenzyme Q10 (CoQ10) and nicotinamide
riboside (NAD" precursor) stabilize ETC complexes, reduce electron leakage, and
enhance ATP production, supporting mitochondrial health [95].

6.2 Key natural products
6.2.1 Polyphenols: Resveratrol, curcumin, quercetin
6.2.1.1 Resveratrol

Found in grapes and red wine, resveratrol enhances mitochondrial function by
activating SIRT1 and PGC-1a. It increases mitochondrial biogenesis, improves FAO,
and reduces oxidative damage [96].

6.2.1.2 Curcumin

A bioactive compound in turmeric, curcumin exerts potent antioxidant effects
by scavenging ROS and upregulating antioxidant enzymes. It also inhibits mito-
chondrial permeability transition pore (mPTP) opening, protecting mitochon-
drial membranes [97].

6.2.1.3 Quercetin

A flavonoid found in apples and onions, quercetin enhances ETC activity,
reduces oxidative stress, and promotes mitochondrial biogenesis through AMPK
activation [97].
6.2.2 Flavonoids: Epigallocatechin Gallate (EGCG), Catechins
6.2.2.1 EGCG

A major polyphenol in green tea, EGCG reduces mitochondrial ROS production

and improves ETC efficiency. It also activates PGC-1a, enhancing mitochondrial
biogenesis in muscle and liver [98].

95



Obesity — Curvent Science and Clinical Approaches

6.2.2.2 Catechins

These flavonoids, present in tea, cocoa, and berries, protect mtDNA, reduce lipid
peroxidation, and improve mitochondrial respiration [98].

6.2.3 Terpenoids: Coengyme Q10, ginseng, Ashwagandha
6.2.3.1 Coenzyme Q10 (CoQ10)

A lipid-soluble antioxidant and ETC component, CoQ10 enhances mitochondrial
energy production and reduces ROS generation. It is particularly effective in improv-
ing mitochondrial function in neurodegenerative and cardiovascular diseases [99].

6.2.3.2 Ginseng

Ginsenosides in ginseng improve mitochondrial function by increasing ATP
production, reducing ROS, and enhancing mitochondrial dynamics [54].

6.2.3.3 Ashwagandha

An adaptogenic herb, ashwagandha increases mitochondrial membrane potential,
reduces oxidative stress, and promotes mitochondrial quality control in stress-
induced conditions [100].

6.2.4 Others: Omega-3 fatty acids, NAD" precursors
6.2.4.1 Omega-3 fatty acids

Found in fish oil, omega-3 fatty acids improve mitochondrial function by
enhancing membrane fluidity, reducing inflammation, and activating biogenesis
pathways [101].

6.2.4.2 NAD+ precursors

Nicotinamide riboside (NR) and nicotinamide mononucleotide (NMN) restore
NAD? levels, boosting mitochondrial metabolism, SIRT1 activity, and energy produc-
tion [102].

6.3 Evidence from preclinical studies

Natural supplements have been extensively studied in animal and cellular models
to elucidate their role in improving mitochondrial function in metabolic diseases and
delaying aging-related mitochondrial decline. Below, we briefly explore the effects
of natural products on mitochondrial health in the context of metabolic diseases and
aging, supported by robust preclinical evidence.

6.3.1 Effects of natural products on mitochondrial health in metabolic disease models

Resveratrol, a polyphenol from grapes and red wine, enhances mitochondrial
biogenesis in obesity models by activating the AMPK-SIRT1-PGC-1a axis [38].
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This increases FAO, OXPHOS, and mitochondrial density. In the liver, resveratrol
reduces lipid accumulation, oxidative stress (MDA levels), and insulin resistance
while protecting mitochondria from lipotoxic damage by stabilizing membrane
potential and reducing mPTP opening [97]. EGCG improves glucose metabolism

in insulin-resistant models by enhancing mitochondrial respiration and reducing
ROS. EGCG activates AMPK, promotes mitochondrial biogenesis, and improves
mitochondrial coupling efficiency, reducing electron leakage [103]. CoQ10 restores
ETC activity, ATP production, and p-cell function while reducing ROS and oxidative
stress-induced apoptosis [104]. In skeletal muscle, it enhances FAO and mitochon-
drial efficiency, improving insulin sensitivity [105]. Omega-3 fatty acids (EPA/
DHA) increase FAO, mitochondrial membrane fluidity, and ETC efficiency, reducing
triglyceride accumulation, ROS production, and metabolic inflexibility in obesity
and diabetes models [38].

6.3.2 Delayed aging and improved mitochondrial quality control in animal studies

Curcumin reduces mtDNA oxidative damage by scavenging ROS and upregulat-
ing antioxidant enzymes like SOD and glutathione peroxidase [106]. It enhances
mitophagy via the PINK1-Parkin pathway, facilitating the removal of damaged
mitochondria. In aged muscle, curcumin restores mitochondrial membrane potential,
preventing atrophy and fatigue [107]. Quercetin extends lifespan in model organisms
by reducing mitochondrial ROS and enhancing antioxidant defenses [97]. In aged
mice, it activates AMPK, promotes mitochondrial biogenesis, and preserves respira-
tory function [108]. Quercetin also protects against neurodegeneration in Parkinson’s
and Alzheimer’ disease models, reducing oxidative stress and cognitive decline [109].
NR and NMN restore NAD* levels, activating SIRT1 and PGC-1a, driving mito-
chondrial biogenesis and mitophagy [110]. These effects improve muscle strength,
endurance, and cognitive function, countering aging-related mitochondrial decline.
Thus, these compounds enhance mitochondrial function, reduce oxidative stress,
and promote healthy aging, offering potential therapeutic benefits for metabolic and
neurodegenerative diseases.

6.4 Evidence from clinical studies

Natural supplements have gained attention in clinical research as promising
non-pharmacological interventions to improve mitochondrial function in individuals
with metabolic disorders and to delay age-related mitochondrial decline [111, 112].
Clinical trials provide robust evidence supporting the efficacy of these supplements in
enhancing mitochondrial health, reducing oxidative stress, and improving metabolic
and functional outcomes. This section briefly provides details on the clinical impact
of natural supplements in patients with metabolic diseases and their role in prevent-
ing mitochondrial dysfunction associated with aging.

6.4.1 Impact of natural supplements on mitochondrial function in patients with
metabolic disorders

Resveratrol has been shown to enhance mitochondrial biogenesis in patients with
obesity and T2DM by activating the AMPK-SIRT1-PGC-1a pathway [38, 96]. A clinical
trial found that 150 mg/day of resveratrol for 30 days increased PGC-1a expression in
skeletal muscle, improved insulin sensitivity (HOMA-IR), and reduced hepatic lipid
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accumulation [113]. Additionally, resveratrol lowers inflammatory markers (CRP, IL-6),
supporting mitochondrial OXPHOS and metabolic homeostasis. Omega-3 fatty acids
(EPA/DHA) improve mitochondrial efficiency by enhancing FAO and reducing ROS
production. In a 12-week trial, 3 g/day of omega-3s increased mitochondrial respira-

tory capacity, lowered triglycerides, and improved lipid profiles [114]. Omega-3s also
suppress NF-kB signaling, reducing inflammation and mitochondrial dysfunction in

the liver and adipose tissue. CoQ10 restores ETC activity and mitochondrial membrane
potential in T2DM patients. A 12-week trial using 200 mg/day showed improved glycemic
control (HbA1lc), increased mitochondrial complex I/1I activity, and reduced oxidative
stress (8-oxo-dG, MDA levels) [115]. EGCG enhances mitochondrial respiration and
antioxidant defenses. A 12-week study (300 mg/day) in overweight individuals improved
mitochondrial oxygen consumption, reduced visceral fat, and improved lipid profiles,
highlighting its potential in metabolic health [116].

6.4.2 Role in preventing age-related mitochondrial decline

NAD" decline impairs sirtuin activation, promoting cellular senescence [110]. Clinical
trials show that 1 g/day of NR for 8 weeks increases NAD" levels, activates SIRT1, and
enhances mitochondrial respiratory capacity, improving muscle strength and endur-
ance in elderly individuals [117]. CoQ10 protects against mitochondrial dysfunction and
oxidative damage in aging. Studies show that 200 mg/day of CoQ10 for 12 weeks reduces
lipid peroxidation (MDA levels), increases antioxidant capacity, and improves cardiovas-
cular health, muscle strength, and fatigue in elderly participants with sarcopenia [115].

A 12-week trial (1 g/day of curcumin) reduced CRP and IL-6, preserving mitochondrial
membrane potential [118]. Quercetin (500 mg/day for 8 weeks) enhanced mitochondrial
biogenesis, reduced oxidative stress, and improved physical performance [119]. These
findings highlight the potential of NAD" precursors, CoQ10, curcumin, and quercetin in
preventing age-related mitochondrial decline, improving antioxidant defenses, reducing
inflammation, and enhancing metabolic health.

7. Integration of therapeutic fasting and natural supplements

The integration of therapeutic fasting and natural supplements presents a promis-
ing avenue for enhancing mitochondrial health, addressing metabolic dysfunction,
and mitigating aging-related declines in cellular energy metabolism (Figure 3). While
both interventions have individually shown efficacy in improving mitochondrial
biogenesis, reducing oxidative stress, and promoting metabolic flexibility, their com-
bined application holds the potential for synergistic effects. This section explores the
mechanisms underlying these synergistic benefits, discusses translational potential,
and outlines future directions for research and clinical practice.

7.1 Synergistic effects

The combination of therapeutic fasting and natural supplements provides a comple-
mentary approach to enhancing mitochondrial function, reducing oxidative stress, and
improving energy metabolism. Both interventions activate key molecular pathways
such as AMPK, SIRT1, and PGC-1a, driving mitochondrial biogenesis and optimizing
OXPHOS (Figure 3). Fasting-induced activation of these pathways is further amplified by
supplements like resveratrol and NAD" precursors, which increase NAD" levels, improve
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ETC efficiency, and support mitochondrial renewal. Additionally, fasting reduces ROS
and inflammation, creating an environment conducive to mitochondrial repair, while
CoQ10 and curcumin further neutralize ROS, stabilize mitochondrial membranes, and
protect mtDNA from oxidative damage. Fasting also promotes metabolic flexibility,
shifting energy metabolism from glucose oxidation to FAO and ketogenesis, reducing
ROS production and improving mitochondrial efficiency [120]. Omega-3 fatty acids and
EGCG enhance FAO and mitochondrial coupling, while NAD* precursors optimize ATP
production. This synergistic approach improves energy efficiency and reduces metabolic
stress, particularly in tissues with high energy demands such as the heart and brain,
ultimately helping restore mitochondrial function and cellular homeostasis.

7.2 Translational potential

Despite the promising synergistic effects, translating the integration of thera-
peutic fasting and natural supplements into clinical practice requires careful con-
sideration of individualized approaches, as well as the challenges and limitations
associated with implementation.

7.2.1 Individualized approaches to integrating fasting and supplements

The efficacy of fasting and natural supplements varies based on factors such as
age, sex, metabolic health, and genetic background [121-125]. For example, individu-
als with insulin resistance may benefit more from fasting regimens that enhance
insulin sensitivity, such as time-restricted feeding (TRF), while aging individuals
may respond better to NAD" precursors and CoQ10, which target age-related mito-
chondrial decline. Developing personalized protocols that consider these variables
is essential for maximizing therapeutic outcomes. This may involve tailoring fasting
durations, supplement types, and dosages to individual metabolic profiles, which
can be assessed through biomarkers such as NAD" levels, mitochondrial respiratory
capacity, and oxidative stress markers.

7.2.2 Practical challenges and considerations in clinical implementation
The integration of fasting and natural supplements faces several practical challenges:
7.2.2.1 Compliance

Sustaining fasting regimens or adhering to supplement protocols can be difficult for
some individuals, particularly those with demanding lifestyles or preexisting conditions.

7.2.2.2 Safety in vulnerable populations

Certain populations, such as pregnant women, elderly individuals with frailty,
or those with advanced metabolic diseases, may face risks associated with fasting or
high-dose supplements.

7.2.2.3 Drug-supplement interactions

Some natural supplements, such as resveratrol and EGCG, can interact with
medications, potentially altering their efficacy or increasing side effects.
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To address these challenges, clinical guidelines must emphasize the importance of
medical supervision, gradual implementation of fasting regimens, and monitoring for
potential adverse effects. Digital health tools, such as wearable devices and mobile apps,
can assist in tracking fasting adherence, supplement intake, and metabolic outcomes.

7.3 Limitations, precautions and practical challenges for the integration of
therapeutic fasting and natural supplements

The integration of therapeutic fasting and natural supplements as interventions
for improving mitochondrial health is promising. However, the practical implemen-
tation and clinical application of these strategies are not without limitations and
potential risks. Understanding these limitations is crucial for optimizing their ben-
efits while minimizing adverse effects.

7.3.1 Biological variability and individual vesponse
7.3.1.1 Heterogeneous metabolic responses

Individual responses to fasting regimens and natural supplements vary widely due
to genetic, epigenetic, and environmental factors. Variations in metabolic flexibility,
mitochondrial efficiency, and baseline health conditions can influence the effective-
ness of these interventions. For instance: fasting may improve insulin sensitivity in
some individuals but could exacerbate glucose intolerance in others, particularly in
those with compromised p-cell function. Natural supplements such as resveratrol
or NAD' precursors may show marked efficacy in individuals with mitochondrial
decline but limited benefits in metabolically healthy populations.

Precautions: To address variability, a personalized approach should be adopted.
Baseline assessments of metabolic health, including mitochondrial function markers,
should guide the choice and intensity of interventions.

7.3.1.2 Sex and age differences

Sex-specific differences in mitochondrial biology and hormonal regulation can
influence the outcomes of fasting and supplementation. For example: women may
experience different metabolic adaptations to fasting compared to men, partly due to
hormonal fluctuations related to the menstrual cycle or menopause. Aging individu-
als may benefit more from NAD" precursors or CoQ10 but could be at higher risk for
nutrient deficiencies during prolonged fasting.

Precautions: Tailoring interventions based on age and sex is essential. For older
adults, milder fasting regimens and gradual supplementation may reduce the risk of
adverse effects.

7.3.2 Safety concerns with fasting vegimens
7.3.2.1 Nutritional deficiencies

Prolonged fasting or severe caloric restriction can result in nutrient deficiencies,
particularly in vitamins and minerals essential for mitochondrial function (e.g.,
B vitamins, magnesium, and iron). These deficiencies can impair mitochondrial
biogenesis and energy production, counteracting the intended benefits.
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Precautions: Fasting protocols should be carefully planned to ensure adequate
nutrient intake during feeding windows. Supplementation with essential micronutri-
ents may be necessary, particularly during extended fasting regimens.

7.3.2.2 Risk of hypoglycemia

Fasting can lead to hypoglycemia, especially in individuals with diabetes or those
taking glucose-lowering medications. Severe hypoglycemia can result in dizziness,
confusion, and, in extreme cases, loss of consciousness.

Precautions: Fasting regimens should be avoided or modified for individuals on
hypoglycemic medications. Monitoring blood glucose levels during fasting is crucial
for high-risk individuals.

7.3.2.3 Potential hormonal disruptions

Extended fasting periods may alter hormonal balances, including reductions in
thyroid hormones, sex hormones, and leptin. These changes can impair metabolism,
energy expenditure, and reproductive health.

Precautions: For individuals with thyroid dysfunction or reproductive health
concerns, shorter fasting durations or intermittent fasting (IF) with longer feeding
windows may be more appropriate.

7.3.3 Safety concerns with natural supplements
7.3.3.1 Overdose and toxicity

While natural supplements are generally considered safe, excessive dosages
can lead to toxicity or adverse effects. For instance, high doses of resveratrol can
disrupt liver function and lead to gastrointestinal side effects [126]. Excessive
omega-3 fatty acid intake may increase the risk of bleeding due to its anticoagu-
lant properties [127].

Precautions: Supplement dosages should adhere to clinically validated guidelines.
Monitoring for signs of toxicity, particularly in long-term use, is essential.

7.3.3.2 Drug-supplement intevactions

Certain natural supplements can interact with prescription medications, alter-
ing their efficacy or increasing the risk of side effects. For example, resveratrol
can inhibit cytochrome P450 enzymes, affecting drug metabolism. EGCG can
interfere with the absorption of iron and certain medications, such as statins or
anticoagulants.

Precautions: A thorough review of an individual’s medication regimen is necessary
before initiating supplementation. Consultation with healthcare providers is crucial
to avoid potential interactions.

7.3.3.3 Variability in supplement quality

The quality of natural supplements can vary significantly due to differences in
manufacturing processes, purity, and bioavailability. Contamination with heavy met-
als or adulteration with unlisted compounds poses additional risks.
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Precautions: Supplements should be sourced from reputable manufacturers that
adhere to good manufacturing practices (GMP) and provide third-party testing for
purity and potency.

7.3.4 Practical challenges in integration

7.3.4.1 Adherence and compliance

The combined application of fasting and supplementation requires long-term
adherence, which can be challenging for many individuals. Strict fasting regimens
may be difficult to sustain, and daily supplementation can lead to compliance
fatigue.

Precautions: Gradual implementation of fasting regimens and simplified supple-
ment schedules can improve adherence. Behavioral support, such as motivational
coaching or digital health tools, may enhance compliance.

7.3.4.2 Accessibility and cost

Natural supplements and specialized fasting protocols may not be accessible
or affordable for all individuals, particularly in low-income settings. The cost of
high-quality supplements, combined with dietary restrictions, can create finan-
cial barriers.

Precautions: Efforts should focus on identifying cost-effective fasting protocols
and affordable supplement options. Public health initiatives could explore subsidies
or support programs for underserved populations.

7.3.5 Population-specific risks
7.3.5.1 Vulnerable populations

Certain populations are at higher risk of adverse effects from fasting or
supplementation: fasting may lead to inadequate nutrient intake pregnant and
lactating women, affecting fetal or infant development. Prolonged fasting in
elderly individuals with frailty may exacerbate muscle loss or worsen nutritional
deficiencies. Fasting in individuals with eating disorders can trigger or worsen
disordered eating behaviors.

Precautions: Fasting should be contraindicated in high-risk populations unless
supervised by healthcare professionals. Alternatives, such as time-restricted feeding
(TRF) or mild caloric restriction, may be safer.

7.3.5.2 Individuals with chronic conditions

People with chronic conditions, such as CVD or advanced diabetes, may require
modified interventions. Aggressive fasting or high-dose supplements could destabi-
lize their condition or interact with existing treatments.

Precautions: A multidisciplinary approach involving dietitians, physicians, and special-
ists is essential to ensure safety and efficacy in individuals with chronic illnesses.
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7.3.6 Gaps in long-term safety and efficacy data
7.3.6.1 Lack of long-term clinical trials

While short-term studies have demonstrated the benefits of fasting and
supplementation, long-term data on safety and efficacy are limited. The potential
for cumulative adverse effects, such as nutrient imbalances or organ dysfunction,
remains unclear.

Precautions: Long-term randomized controlled trials are needed to establish the
safety and efficacy of integrated interventions across diverse populations.

7.3.6.2 Insufficient understanding of mechanisms

The precise mechanisms through which fasting and natural supplements interact
are not fully understood. Potential antagonistic effects, such as nutrient depletion
during fasting impairing supplement efficacy, require further investigation.

Precautions: Mechanistic studies using advanced techniques, such as metabolomics
and mitochondrial respirometry, are needed to elucidate interactions between fasting
and supplements.

Thus, while the integration of therapeutic fasting and natural supplements
may offer significant potential for improving mitochondrial health and address-
ing metabolic dysfunction, it is not without limitations and risks. Individual
variability, safety concerns, adherence challenges, and the lack of long-term
data highlight the need for cautious implementation and rigorous research.
Personalized approaches, guided by baseline assessments and regular monitoring,
can help mitigate risks. Additionally, future studies should focus on developing
evidence-based guidelines, exploring long-term outcomes, and addressing acces-
sibility challenges. By addressing these limitations, the combined use of fasting
and supplements can be optimized to maximize benefits while ensuring safety
and inclusivity.

7.4 Future directions

To fully harness the potential of therapeutic fasting and natural supplements,
further research is needed to address knowledge gaps and optimize their applica-
tion. Developing reliable biomarkers is essential for assessing mitochondrial
health and tracking intervention efficacy. Current markers, such as mtDNA copy
number, mitochondrial membrane potential, and ROS levels, provide insights
but lack comprehensive assessment. Future research should focus on integrat-
ing mitochondrial biogenesis markers (PGC-1a and NRF1), energy metabolism
indicators (lactate-to-pyruvate ratio), and inflammation markers. Advanced
techniques like metabolomics and mitochondrial respirometry could improve the
precision of mitochondrial health monitoring. Optimizing fasting and supple-
ment protocols is crucial to maximizing benefits. Research should explore the
effects of different fasting regimens (e.g., time-restricted feeding and prolonged
fasting) and supplement combinations (e.g., resveratrol with NAD" precur-
sors and CoQ10 with omega-3 fatty acids) to enhance mitochondrial function.
Investigating longitudinal effects on metabolic health and aging outcomes is also
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necessary. Long-term safety and efficacy studies are critical, as prolonged fasting
or chronic supplement use may have unintended consequences. Future clinical tri-
als should assess nutritional risks, population variability, healthspan benefits, and
disease prevention effects, establishing optimal dose-response relationships. With
continued research, fasting and supplementation could revolutionize strategies

to prevent and treat mitochondrial dysfunction, promoting metabolic health and
longevity.

8. Conclusion

Mitochondria regulate energy production, metabolic balance, and redox homeo-
stasis, playing a crucial role in cardiometabolic diseases and aging. Dysfunctional
mitochondria, characterized by impaired OXPHOS, excessive ROS production, and
mtDNA mutations, contribute to obesity, T2DM, MASLD/MASH, and CVD, while
also accelerating cellular senescence, neurodegeneration, and sarcopenia. This chap-
ter explored therapeutic fasting and natural supplements as mitochondrial-targeted
interventions. Fasting enhances mitophagy, mitochondrial biogenesis, and ROS
reduction through AMPK, sirtuins, and PGC-1a, while supplements like resveratrol,
omega-3 s, CoQ10, and NAD" precursors protect mtDNA, improve ETC function,
and enhance metabolic flexibility. Together, these strategies synergistically improve
mitochondrial resilience, supported by strong clinical and preclinical evidence.
Future research should focus on biomarker development, personalized protocols, and
long-term safety, integrating these approaches into preventive and therapeutic strate-
gies for metabolic diseases and aging.
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Chapter 6

The One-Anastomosis Gastric
Bypass Procedure for Severe
Obesity: Technical Aspects
and Early Outcomes

Mohamad Hamoud

Abstract

Overweight and obesity have become widespread in Western populations. In
the US, obesity rates have been rising for decades, posing significant public health
concerns. Data from the CDC and medical journals confirm this steady increase over
the past 30 years. Obesity is a chronic, progressive disease affecting multiple body
systems, increasing the risk of physical and mental illnesses. Bariatric and metabolic
surgeries encompass various procedures designed to treat obesity and its associated
conditions. These surgeries, performed for decades in the US and abroad, utilize
different mechanisms for weight loss: restrictive surgery, which reduces stomach
volume, and malabsorptive surgery, which alters absorption and intestinal hormone
effects on satiety, or a combination of both. Bariatric surgery is a complex process
with lasting clinical and psychological impacts. Ensuring surgical success requires
proper preoperative preparation and postoperative support. Studies indicate that
multidisciplinary post-surgical care significantly improves long-term outcomes.
Recent evidence suggests that metabolic bariatric surgery may effectively treat type
2 diabetes. The demand for revision surgeries is rising globally, including in the US.
Common reasons include inadequate weight loss, weight regain, and correction of
complications.

Keywords: one-anastomosis gastric bypass, severe obesity, bariatric surgery,
early complication, late complications
1. Introduction
Bariatric surgery has historical roots dating back centuries. Reports suggest early
surgical interventions in ancient Rome, Greece, and Spain during the tenth century

[1-6]. In the eighteenth and nineteenth centuries, experimental weight-loss surgeries
had high mortality rates.
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2. Twentieth-century advancements
The first metabolic surgery, the jejuno-ileal bypass, was performed by Kremen in

1954 [7]. Despite limited success due to complications, this era saw the development
of more effective procedures like gastric bypass and gastric banding.

3. Late twentieth to early twenty-first century
Advances in laparoscopic techniques made bariatric procedures safer and more

accessible, leading to widespread adoption. Today, bariatric surgery is a well-estab-
lished, effective treatment for obesity and related health conditions.

4. Key milestones

See Table 1.

Event Year
Kremen et al. perform the first jejuno-ileal bypass. 1954

Mason et al. conduct the first gastric bypass surgery. 1967

L. H. Wilkinson performs Nissen’s fundoplication with gastric wrapping. 1976

Nicola Scopirano introduces biliopancreatic diversion. 1979

Mason develops vertical banded gastroplasty. 1982
Kuzmak introduces an adjustable gastric band. 1986

Sleeve gastrectomy and other procedures gain popularity [7]. Twenty-first century

Table 1.

Selected significant events and innovations in the history of barviatric surgery.

Bariatric surgery has come a long way since its early days. It is now a safe and
effective treatment option for many people with obesity, and it continues to evolve as
new techniques and technologies are developed [8].

5. Types of bariatric surgery

Bariatric surgeries reduce stomach size and bypass parts of the intestine, promot-
ing weight loss by restricting food intake and altering nutrient absorption. Over
the past decade, metabolic surgery has become more popular. Six types, including
the One-Anastomosis Gastric Bypass (OAGB), are now endorsed by global surgical
societies. The OAGB, initially developed in 1997, has shown excellent weight loss and
improvement in metabolic conditions like diabetes [9, 10].

6. Common types of surgery

Gastric banding: Creates a small stomach pouch, limiting food intake. Adjustable
and reversible, but complications like band slippage can occur.
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Sleeve gastrectomy: Removes a large portion of the stomach, reducing capacity and
hunger hormones. It is the most common procedure today. While effective, it is not
without risks like long-term complications [11].

Biliopancreatic Diversion with Duodenal Switch (BPD-DS): For severe obesity,
this procedure includes both stomach reduction and bypassing part of the intestine,
leading to significant weight loss and resolution of type 2 diabetes. However, it carries
risks like malabsorption and nutrient deficiencies [12, 13].

Gallstones: Increased risk of gallstone formation [3].

SADI (Single Anastomosis Duodenal-Ileal Bypass): Combines stomach reduction
and intestinal bypass with fewer connections than traditional duodenal switch
procedures. It promotes substantial weight loss but also carries risks of malabsorption
and nutrient deficiencies [14].

Roux-en-Y Gastric Bypass (RYGB): One of the most effective types, RYGB reduces
stomach size and reroutes the intestines, helping with weight loss and improving related
conditions. However, it comes with complications like internal hernia and leakage [15].

7. One-anastomosis gastric bypass (OAGB)

Developed by Dr. Rutledge in 1997, OAGB has become a popular choice due to its
simplicity and effectiveness. It involves creating a small gastric pouch and bypassing

One Anastomosis Gastric Bypass

Fpann .“
POrtin:
fon Of'sto
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Figure 1.
Diagram of anastomosis gastric bypass.
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part of the jejunum, resulting in fat malabsorption. This procedure has gained global
support for its rapid, safe, and effective results [16].

One-anastomosis gastric bypass is gaining attention as a standalone bariatric
procedure, with surgeons worldwide publishing their experiences. It shows promis-
ing results in terms of effective weight loss, comorbidity resolution, and acceptable
complication rates in the short and medium term. Proponents argue that it is safer
and easier than the gold standard Roux-en-Y gastric bypass (Figure1) [17].

This document outlines the updated guidelines from the Israeli Ministry of Health
for performing metabolic and bariatric surgery in adults, specifically focusing on the
one-anastomosis gastric bypass.

8. Bariatric surgery center requirements

* Multidisciplinary team: The hospital must have a specialized team including:
o Bariatric surgeon
o Nutritionist
o Psychologist/social worker
o Psychiatrist (if needed)
o Clinical pharmacist
o Endocrinologist/internist
o Anesthesiologist
o Intensive care unit
o Gastroenterology institute
o Imaging department

* Experience: The center must have performed at least 100 bariatric surgeries annu-
ally for the past 5 years, using at least two surgical techniques, and handle repeat/
corrective surgeries.

* Data reporting: The center must report patient data to the national registry at the

National Center for Disease Control.

9. Preoperative preparation process

* Referral and initial assessment:
o Referval from a family doctor after consultation with a bariatric surgeon.
o Verification that the patient has not vefused surgery in the past year.

o Family doctor assesses Body Mass Index (BMI) and comorbidities.
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* Required tests and assessments:

o Blood tests (cell count, liver/kidney function, coagulation, glucose, lipids, thyroid,
vitamins).

o Gastroscopy/upper GI x-ray, abdominal ultrasound, chest x-ray, ECG.
o Echocardiogram/stress test (if needed).

o Bone density for repeat bariatric surgery.

o Nutritional assessment (at least three sessions over 6 weeks).

o Additional tests as needed (lung function, etc.).

o Geriatric consultation (for patients over 75).

o Anesthesia pre-assessment.

o Psychiatric evaluation (if needed).

e Bariatric committee:

o Committee approval is required for surgery.
o Nutritional and psychosocial evaluations are performed.
o Medication assessment.

o Refusal is valid for 1 year.

* Appeal process:

o An appeal committee exists for refused cases.

10. Indications for bariatric surgery
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» BMI > 40 kg/m’.

* BMI = 35 kg/m* with comorbidities:

o Type 2 diabetes.

o Uncontrolled hypertension.
o Ischemic heart disease.

o Dyslipidemia.

o Sleep apnea.
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o Reproductive disorders.

o Orthopedic problems.

o Fatty liver.

o Thromboembolic event.

o Pseudotumor cerebri.
* BMI 30-35 kg/m™

o Previous failed bariatric surgery.

o Uncontrolled type 2 diabetes (HbA1C > 8% for 2 years).
* Regardless of BMI:

o Reoperation after surgical complications.

11. Preoperative nutritional preparation and assessment
* Detailed assessment of medical history, eating habits, and nutritional status.
* Education and counseling on post-surgery dietary and lifestyle changes.

* Preoperative weight loss, correction of nutritional deficiencies.

12. Psychiatric assessment
12.1 Introduction

Bariatric surgery offers significant weight loss, improving health and quality of
life. However, success relies on behavioral, nutritional, and emotional adjustments.
While many experience positive changes, others may face worsening mental health,
including depression and even suicide. Studies show that some patients experience
severe depression post-surgery, with higher rates of self-harm and suicidal attempts
compared to non-surgical patients [18, 19]. Postoperative pathological eating pat-
terns, whether de novo or a recurrence of previous patterns, are significantly associ-
ated with weight regain after surgery [20]. Furthermore, there are cases of patients
developing severe eating disorders after surgery, including anorexia nervosa, atypical
anorexia, and bulimia nervosa [21, 22].

12.2 Postoperative eating disorders

Candidates for bariatric surgery often show higher rates of eating disorders,
particularly binge eating disorder (BED). These patterns, whether new or recurring,
are associated with weight regain. Some patients also develop severe conditions like
anorexia or bulimia post-surgery [21].
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12.3 Psychopathology contraindications for bariatric surgery

1. Untreated or unstable mental state
2. Conditions in the past year:

a. Active psychosis

b.Suicidal visk or self-harm

c.Severe major depression

d.Substance or alcohol abuse

e. Acute stressors affecting health

f. Cognitive impairment affecting consent or post-surgery compliance
3. Active eating disorder

4. Patient misunderstanding of risks, benefits, or alternatives

13. Lack of commitment to supplements and long-term follow-up
13.1 Psychosocial assessment

Evaluation of personal history, eating behaviors, readiness for surgery, support
systems, and mental health.

13.2 Contraindications for bariatric surgery

Summarizes psychiatric contraindications.
Medical contraindications (malignancy, pregnancy).

13.3 Key takeaways

The guidelines emphasize a multidisciplinary approach and rigorous preoperative
evaluations.

Psychiatric and nutritional assessments are crucial for patient selection and success.

Specific BMI and comorbidity criteria are outlined for surgery eligibility.

A clear process for appeal is provided for patients who are refused surgery.

14. Standardization of the one-anastomosis gastric bypass procedure:
Study overview

14.1 Study setting

Conducted at the Surgical Department, Holy Family Hospital, Nazareth [20].
Study design:
Retrospective database analysis: Researchers analyzed pre-existing patient data.
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Prospectively maintained database: Data was systematically recorded during treat-
ment, ensuring accuracy.

Single bariatric center: Consistent surgical techniques, but findings may not be
broadly generalizable.

No IRB approval required: As a retrospective chart review, formal IRB approval
was deemed unnecessary.

Inclusion and exclusion criteria.

Inclusion criteria:

Timeframe: Patients who underwent OAGB surgery between January 2016 and
December 2021.

Age: Between 18 and 65 years old.

Obesity:

Severe obesity (Class III) with BMI > 40.0 kg/m2 or.

Moderate obesity (Class II) with BMI > 35.0 kg/m? and at least one comorbidity.
Informed consent: Patients must have provided informed consent before surgery.
Follow-up data: Complete 30-day postoperative follow-up data.

Exclusion criteria:

Mental health: Excluded patients with poorly controlled mental illnesses.
Pregnancy/Lactation: Excluded pregnant or breastfeeding women.

14.2 Postoperative care protocol

* Drainage: Closed suction drain placed near the staple line to monitor for leaks or

bleeding.
* Imaging: No voutine upper GI imaging post-surgery.

* Oral intake and discharge: Resumed on the fivst day, with discharge typically on day
two.

* DVT prevention: Low-molecular-weight heparin administered for 10 days
post-surgery.

o Acid suppression: Proton pump inhibitors (PPIs) prescribed for 6 months.

* Follow-up schedule: First appointment 10 days post-surgery, with subsequent visits at
3, 6, 12, and 24 months.

14.3 Statistical analysis

Software: SPSS version 28.0.

Data presentation:

Continuous variables: Presented as means + standard deviations.
Categorical variables: Presented as frequencies and percentages.
Normality testing: Kolmogorov-Smirnov test.

Tests used:

Independent samples t-test for normally distributed data.
Mann-Whitney U test for non-normally distributed data.
Chi-squared test for categorical variables.

Statistical significance: p-value <0.05.
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14.4 Results

* Patient population: 775 patients, with 774 analyzed after excluding one for miss-
ing data.

* Follow-up: Complete 30-day follow-up data available for all 774 patients.

* Trend: Annual OAGB procedures increased from 66 in 2016 to 191 in 2021 (189%
increase).

o Statistical significance: Increase in procedures was statistically significant
(p < 0.05) (Table 2).

14.5 Patient characteristics

* Gender: 83.6% female (647 patients).

o Age: Average age 36.2 years (SD: 10.8 years), ranging from 18 to 70 years. Only 12.1%
(94 patients) were 50 years or older.

o BMI: Average BMI of 42.7 kg/m* (SD: 4.2 kg/m*), ranging from 17.2 to 61.0 kg/m”>.
Six percent of patients (46 individuals) had a BMI > 50 kg/m”.

o Weight: Average weight of 115.5 kg (SD: 16.5 kg), ranging from 48.0 kg to 182.0 kg
(Table 3)

The study primarily consisted of younger women with severe obesity, though a
range of BMIs and weights were represented.

1. Statistical comparison:

2. Statistical tests: The Mann-Whitney test, a non-parametric method for compar-
ing groups with non-normally distributed data, and the chi-squared (x*) test for
categorical data (e.g., complications) were used to determine statistical signifi-

cance.

Year No. procedures [n (%)]

2016 66 (8.5)

2017 112 (14.5)

2018 124 (16.0)

2019 133 (17.2)

2020 148 (19.1)

2021 191 (24.7)

Total (2016-2021) 774 (100.0)
Table 2.

Number of one-anastomosis gastric bypass proceduves performed per year between 2016 and 2021.
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Characteristics Total OAGB Primary OAGB Revisional OAGB P
population (N =774) (n=681) (n=93)
Age [mean + SD (range)] (y) 36.2 + 10.8 (18.0-70) 355+ 10.6 41.8 +10.1 <0.001
Age > 50 (y) 94 (12.1) 75 (11.0) 19 (20.4) 0.016
Weight [mean + SD (range)] 115.5 + 16.5 (48-182) 115.8 + 159 1134 +20.3 0.442
(kg)
BMI [mean + SD (range)] 42.7 £+ 4.2 (17.2-61) 429 +39 41.3+5.38 0.088
(kg/m?)
BMI > 50+ 46 (6.0) 44 (6.5) 2(2.2) 0.153
Females 647 (83.6) 568 (83.4) 79 (84.9) 0.767
Female to male ratio 511 5.0:1 5.6:1 0.767
Operative time [mean + SD 52.6 +19.9 (25-295) 489+ 11.8 79.7 + 381 <0.001
(range)] (min)
Length of stay [mean + SD 1.6+ 0.9 (2.0) (1-9) 1.6+ 0.9 (2.0) 1.7+1.2(2.0) 0.248
(range)] (d)
AMPs
Dyslipidemia 118 (15.2) 104 (15.3) 14 (15.1) >0.999
Hypertension 100 (12.9) 91 (134) 9(9.7) 0.410
T2DM 111 (14.3) 103 (15.1) 8(8.6) 0.114
OSA 67 (8.7) 62 (91) 5(54) 0.324
Fatty liver disease 471 (60.9) 424 (62.3) 47 (50.5) 0.032
Procedures during OAGB 139 (179) 80 (11.7) 59 (63.4) <0.001
Laparoscopic cholecystectomy 42 (54) 36 (5.3) 6 (6.5) 0.625
Laparoscopic hiatal hernia 7509.7) 44 (6.5) 31(33.3) <0.001
repair
Laparoscopic gastric band 22 (2.8) 0(0.0) 22 (23.6) <0.001
removal
Rehospitalization rate 70 (91) 53 (7.8) 17 (18.3) 0.003
1 47 (6.1) 35(5.1) 12 (12.9) 0.008
2 10 (1.3) 8(1.2) 2(22) 0.343
3 7(0.9) 6(0.9) 1(11) 0.593
4 3(04) 2(0.3) 1(11) 0.120
5 1(0.1) 0 (0.0) 1(11) 0.120
7 2(0.3) 2(0.3) 0(0.0) >0.999
Reoperation rate 0(0.0) 1(0.15) 0(0.0) 0.120
Death 0(0.0) 0 (0.0) 0(0.0) >0.999
Table 3.

Patient data and demographic chavacteristics.

3. Abbreviations

a. AMP: Associated Medical Problem (comorbidity)

b.BMI: Body Mass Index
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c. OAGB: One-Anastomosis Gastric Bypass
d.OSA: Obstructive Sleep Apnea
e. T2DM: Type 2 Diabetes Mellitus
4.Summary:
5.The passage outlines the data discrepancies between primary and revisional
OAGB procedures and explains the statistical methods used for comparison,
helping readers interpret the results accurately.
14.6 Primary vs. revisional procedures
* Primary procedures: 88% (681 patients) were primary OAGB surgeries.
* Revisional procedures: 12% (93 patients) were conversions from prior surgeries, such as:
0 46.2% from Laparoscopic Sleeve Gastrectomy (LSG)
0 34.4% from Lapavoscopic Adjustable Gastric Banding (LAGB)
o 7.5% from multiple LAGB attempts
0 9.6% from combined LAGB and LSG
o 2.2% from intragastric balloon placement (Table 4)
No primary OAGB was converted to open surgery.
14.7 Operative time
Average operative time: 52.6 minutes (range: 25-295 minutes).

2020: Operative time increased to 61.3 minutes due to 32 diaphragmatic hernia
repairs performed that year.

Previous bariatric procedure Revisional OAGB (N =93) [n (%)]
LSG 43 (46.2)

LAGB 32 (344)

LAGB x 2 7 (75)

LAGB + LSG 9 (96)

Intragastric balloon 2(2.2)

LAGB indicates laparoscopic adjustable gastric banding; LSG, laparoscopic sleeve gastrectomy; OAGB, one-
anastomosis gastric bypass.

Table 4.
Bariatric procedures before revisional OAGB.
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Primary vs. revisional: Primary procedures took 48.9 minutes, while revisional
surgeries took 79.7 minutes due to increased complexity.

Length of Stay (LOS).

Average LOS: 1.6 days (range: 1-9 days).

No significant difference in LOS between primary (1.6 days) and revisional
(1.7 days) surgeries.

In summary, the majority of procedures were primary OAGBs, with revisional
surgeries being conversions from previous bariatric procedures. Operative time was
longer for revisional cases and influenced by combined procedures like hernia repairs,
but the hospital stay was similar for both types of surgeries.

15. Comorbidities (preoperative conditions)

* Dyslipidemia: 118 patients (15.2%) had abnormal blood lipid levels, such as high
cholesterol.

* Hypertension: 100 patients (12.9%) had high blood pressure.

* Type 2 diabetes: 111 patients (14.3%) had type 2 diabetes, affecting blood sugar
regulation.

* Obstructive sleep apnea: 67 patients (8.7%) had obstructive sleep apnea, character-
ized by breathing pauses during sleep.

o Fatty liver disease: 471 patients (60.9%) had fatty liver, indicating fat accumulation
in the liver.

* These comorbidities can affect treatment choices, surgical risks, and postoperative
recovery.

o Additional procedures

* Overall: 139 patients (17.9%) had additional surgeries along with the primary
procedure.

* Types of additional procedures:

* Cholecystectomy (gallbladder removal): 42 patients (5.4%)
* Diaphragmatic hernia vepair: 75 patients (9.7%)

* Gastric band removal: 22 patients (2.8%)

* Incisional hernia vepair: 1 patient (0.1%)

* Adrenalectomy (advenal gland removal): 1 patient (0.1%)

1. Wedge resection of stomach lesion: 1 patient (0.1%)

Overall, the Mini Gastric Bypass (MGB) is very safe initially and in the long term. It
has reliable weight loss and complications similar to other forms of gastric bypass [23].
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16. Operative technique and key steps

16.1 The OAGB surgical procedure follows a standardized approach to ensure
safety and effectiveness

Preoperative measures: Prophylactic antibiotics and sequential compression devices
are administered to prevent infection and deep vein thrombosis.

Patient positioning: The patient is placed in a supine, split-leg, Trendelenburg position,
which improves abdominal organ visualization. The hips are flexed for better access.

Surgical team positioning: The surgeon stands between the patient’s legs, and the
camera assistant is positioned on the right side. The video monitor is placed at the
patient’s head.

Initial access: A Veress needle is used to create pneumoperitoneum (insufflation
with carbon dioxide) to a pressure of 15 mm Hg.

Port placement: A 5-port technique is used, with specific trocar placements crucial
for the procedure.

Gastric decompression: A 34-Fr gastric lavage tube is inserted to remove stomach
contents, aiding in better visualization. The Argyle Edlich Gastric Lavage Trays
(Medtronic) are used.

In summary, this passage outlines the key setup steps for a laparoscopic procedure,
focusing on patient and team positioning, creation of pneumoperitoneum, and
gastric decompression to ensure the procedure is safe and effective (Figure 2).

The image provides a diagram showcasing the placement of trocars along with
their specifications, including size and location.

A (5 mm): High epigastric on the midline.

B (12 mm): Right upper quadrant.
* C (12 mm): Midline, midway between the umbilicus and the xiphoid process.

* D (12 mm): Lateral on the Left upper quadrant.

Be
c- D= E.

One Anastomosis Gastric Bypass trocars position
A Egonpairs of upes quarmant
A-5mm B-12mm C-12 mm D-12 mm
E-5 mm

Figure 2.

The image provides a diagram showcasing the placement of trocars along with their specifications, including size
and location. A (5mm): High epigastric on the midline. B (12mm): Right upper quadrant. C (12mm): Midline,
midway between the umbilicus and the xiphoid process. D (12mm): Lateral on the Left upper quadrant. E
(smm): Left upper quadrant.
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* E (5mm): Left upper quadrant.
16.2 Creation of the gastric pouch

Lesser sac entry: A small “window” was created between the lesser omentum and
the lesser curvature of the stomach, allowing access to the lesser sac. This entry was
2 cm below the angular incisure (Figure 3 likely illustrates this step).

Stapling: The stomach was divided using a 45 mm linear stapler. The staplers used
were:

1.Ethicon Echelon Flex GST System (white cartridge)
2.Medtronic Endo GIA Tri-Staple (tan cartridge)

Stapler placement: The stapler was placed horizontally under the “crow’s foot” at
aright angle to the lesser curvature (Figures 4 and 5 likely show stapler positioning
and stomach division).

Figure 3.
Lesser Sac Entry: A small “window” was created between the lesser omentum and the lesser curvature of the
stomach, allowing access to the lesser sac. This entry was 2 cm below the angular incisure (A).

Figure 4.

Stapling: The stomach was divided using a 45 mm linear stapler. The staplers used were: a) Ethicon Echelon Flex
GST System (white cartridge) b) Medtronic Endo GIA Tri-Staple (tan cartridge). Stapler Placement: The stapler
was placed horizontally under the “crow’ foot” at a right angle to the lesser curvature (Ba).
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Stomach division: The stomach was divided parallel to the lesser curvature, a criti-
cal step for pouch formation.

Pouch formation: A 34-Fr gastric lavage tube was used to guide the pouch’s diam-
eter. The pouch was sealed with 5-6 lines of 60 mm staples, directed toward the angle
of His (Figures 6 and 7 illustrate stapling completion).

¢ Video resources:

Video 1 - https://vimeo.com/10474704962share=copy#t=0

Video 2 - https://vimeo.com/10474728022share=copy#t=0

This procedure ensures the stomach is divided precisely and the pouch is formed
with the appropriate size and sealing.

Figure 5.
Stomach Division: The stomach was divided parallel to the lesser curvature, a critical step for pouch formation

(B2).

Figure 6.
Pouch Formation: A 34-Fr gastric lavage tube was used to guide the pouch’s diameter. The pouch was sealed with 5
to 6 lines of 60 mm staples, divected toward the angle of His (C1).
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Figure 7.
Dissection of Angle of His: The angle of His, where the esophagus joins the stomach, was dissected and opened
from the front (C2).

16.3 Dissection and angle of his

Dissection of angle of His: The angle of His, where the esophagus joins the stomach,
was dissected and opened from the front (Figure 8).

Posterior access: This dissection was performed from behind the stomach (Figure 9).

Window creation: The process created a “window” allowing visualization of the entire
left crus of the diaphragm, which plays a role in breathing (Figure 9 illustrates this step).

In simpler terms, the surgeon separated tissues near the angle of His from behind
the stomach to create an opening that provided a clear view of the diaphragm’s left
crus. This step is crucial for positioning the gastric pouch and preventing injury to
surrounding structures, such as the oesophagus, spleen, and major blood vessels.

Anterior dissection, posterior approach: The dissection and opening of the angle
of His are performed from the anterior (front) side, but the surgeon accesses this area
by working posterior (behind) the stomach.

Dissection and access: The angle of His is opened from the front, but the surgeon
accesses it by working behind the stomach. This involves separating tissues and
structures to reach the area.

Figure 8.
Posterior Access: This dissection was performed from behind the stomach (C3).
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Figure 9.
The orientation of the pouch is checked to ensure it is not twisted before opening it in preparation for the
anastomosis with the jejunum.

Window creation and diaphvagm visualization: The dissection creates a “window”
that allows the surgeon to clearly visualize the entire left crus of the diaphragm, which
aids in breathing (Figure 9 shows this step).

In simpler terms, the surgeon works behind the stomach to expose the left side
of the diaphragm, which is crucial for the next steps in the procedure (Video 3 and
Figure 9 provide further details.)

Video 3 - https://vimeo.com/1047474298?share=copy#t=0

Video 4 - https://vimeo.com/10474771222share=copy#t=0

16.4 Final stapling and pouch formation

* Final stapling: The gastric pouch is completed by firing one or two 60-mm stapler
cartridges vertically.

* Direction and path: Staples ave divected through the “window” created earlier near the
angle of His and left crus to complete pouch separation.

* Pouch chavacteristics: The narrow, long shape of the pouch is emphasized for effective
volume vestriction (Figuve 3 highlights this).

o Vessel preservation: No short gastric vessels ave divided, ensuring proper blood supply
and preventing complications (Figure 7 highlights this).

In summary, the final stapling forms the gastric pouch, with a focus on shape and
preserving vessels for optimal outcomes.
Creation of the Gastro-jejunostomy (GJA)

*» GJA initiation: The creation of the GJA, the connection between the stomach pouch
and the jejunum (part of the small intestine), was started.

* Pouch opening: A small opening was made in the lower vight corner of the gastric
pouch, which will be the site of the anastomosis.
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o Stretching: This opening was stretched to prepare it for a secure connection with the
Jejunum.

In simpler teyms, the surgeon made and widened an opening in the gastric pouch to
initiate the connection with the small intestine, forming the GJA essential for the OAGB
procedure (Figure 10).

Video 5 - https://vimeo.com/1047482273?share=copy#t=0

17. Omentum retraction and bypass creation

Omentum retraction: The greater omentum was moved medially to reveal the liga-
ment of Treitz, which marks the division between the duodenum and jejunum.

Bypass length measurement: The length of the small bowel to be bypassed was
measured from the ligament of Treitz, crucial for determining the degree of
malabsorption.

Jejunal loop elevation: A loop of jejunum was lifted antecolic (in front of the colon),
rotated clockwise, and brought up to the gastric pouch.

Anastomosis: The jejunum was connected to the lower right end of the gastric
pouch with a 45 mm linear stapler.

Bypass length: The anastomosis point was about 150-200 cm downstream from the
ligament of Treitz, determining the length of the bypassed jejunum.

In simpler terms, the surgeon identified a key intestinal landmark, measured the
jejunum to bypass, elevated and positioned it, and stapled it to the gastric pouch, with
the bypass length impacting nutrient absorption (Figure 11).

(Figures 12 and 13). Video 6 - https://vimeo.com/1047483338?share=copy#t=0

171 Bile-pancreatic loop (BPL) length and adjustments

BPL length variation: The bile-pancreatic loop (BPL), carrying bile and pancreatic
secretions but not food, typically ranges from 150 to 250 cm, with a standard length
of 180 cm.

Adjustment factors: BPL length is customized based on the patient’s preoperative
BMI and the surgeon’s judgment.

Figure 10.
Pouch Opening: A small opening was made in the lower right corner of the gastric pouch, which will be the site of
the anastomosis. This opening was stretched to prepare it for a secure anastomosis with the jejunum.
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Figure 11.
Omentum Retraction: The greater omentum was moved medially to reveal the ligament of Treitz, which marks
the division between the duodenum and jejunum (D3).

Figure 12.
Bypass Length Measurement: The length of the small bowel to be bypassed was measured from the ligament of
Treitz, crucial for determining the degree of malabsorption (D4).

Figure 13.
Jejunal Loop Elevation: A loop of jejunum was lifted antecolic (in front of the colon), rotated clockwise, and
brought up to the gastric pouch (Ds).
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Figure 14.
Enterotomy Location: An enterotomy is made 150 to 200 cm distal from the ligament of Treitz (D6).

Enterotomy location: An enterotomy is made 150-200 cm distal from the ligament
of Treitz (Figure 14).

BMI and revisional surgery: Patients with a BMI >50 kg/m? or undergoing revi-
sional surgery for weight regain typically have a longer BPL (200-250 cm).

Debate on optimal length: The ideal BPL length for both primary and revisional
OAGB remains a topic of debate within the surgical community.

Importance of total small bowel measurement: Measuring the entire small bowel is
crucial to ensure enough remains in the “food stream” after the anastomosis.

Revisional surgery considerations: BPL length is particularly significant in revi-
sional surgeries.

In summary, the BPL length is key to the OAGB procedure, with adjustments
made based on factors like BMI and whether the surgery is primary or revisional.
Accurate measurement of the total small bowel is crucial for optimal function
after surgery.

Video 6 - https://vimeo.com/1047483338?share=copy#t=0

18. Distal pouch anastomosis

Anastomosis: The distal end of the gastric pouch was connected to the side of the
small bowel using a 45 mm linear stapler.

Simplified: The surgeon used staples to join the bottom of the stomach pouch to
the small intestine, allowing food to pass into the bypassed portion of the small bowel
(Figure 15).

(Figure 15). Video 6 - https://vimeo.com/1047483338?share=copy#t=0

A 3-4 cm anastomosis was created posteriorly (Figures 16 and 17).

Video 7 - https://vimeo.com/10474859962share=copy#t=0

18.1 Limb placement
o Afferent limb: Positioned on the patient’s left side (leading to the stomach pouch).
* Efferent limb: Positioned on the patient’s right side (leading away from the pouch).
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Figure 15.

Anastomosis: The distal end of the gastric pouch was connected to the side of the small bowel using a 45 mm
linear stapler. Simplified: The surgeon used staples to join the bottom of the stomach pouch to the small intestine,
allowing food to pass into the bypassed portion of the small bowel (D).

Figure 16.
A 3- to 4-cm anastomosis was created posteriorly (D8, D9).

* Reason: Proper placement prevents torsion (twisting) of the intestinal mesentery,
ensuring blood flow and reducing complications.

In short, the correct positioning of the limbs is crucial to avoid twisting and ensure
adequate blood supply.

* A 34-Fr gastric lavage tube was passed through the anastomosis into the efferent
limb.

* Calibration: The tube served as a guide to ensure the anastomosis had the cor-
rect diameter, preventing it from being too narrow and ensuring proper food
passage.
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Figure 17.
Anastomosis: The distal end of the gastric pouch was connected to the side of the small bowel using a 45 mm linear
stapler (D9).

* A tube was inserted through the connection between the stomach and intestine
to make sure the opening was the right size. This step helps prevent future
complications related to a too-small anastomosis (Figure 18).

In short, the tube was used to ensure the anastomosis was the right size to prevent
future complications.

18.2 Stapler hole closure

* Suture type: A 3/0 VLoc barbed absorbable suture was used to close the stapler
holes.

* Technique: The suture was placed in a continuous, running fashion through the
seromuscular-seromuscular layers of the stomach and intestine.

Figure 18.
A tube was inserted through the connection between the stomach and intestine to make sure the opening was the
right size. This step helps prevent future complications related to a too-small anastomosis (D10).
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Figure 19.
Suture Type: A 3/0 VLoc barbed absorbable suture was used to close the stapler holes. Technique: The suture

was placed in a continuous, running fashion through the seromuscular-seromuscular layers of the stomach and
intestine. Invagination: The sutuve helped turn the proximal staple line inward, ensuring a smoother connection

and veducing leak risks (D11).

* Invagination: The suture helped turn the proximal staple line inward, ensuring a
smoother connection and reducing leak risks.

In short, the surgeon used a special suture to reinforce the connection between the
stomach and intestine, ensuring a secure, leak-free end-to-side gastrojejunostomy (GJA).

(Figure 19) Video 8 - https://vimeo.com/1047489632?share=copy#t=0

Video 8 - https://vimeo.com/1047489632?share=copy#t=0

Video 9 - https://vimeo.com/1047490633?share=copy#t=0

Figure 20.
Loop Fixation: The efferent loop (food-carrying limb) was attached to the bypassed stomach, while the afferent

loop (digestive fluid-carrying limb) was secured to the gastric pouch (Figures D14, D15). Isoperistaltic Conduit:
The afferent limb was positioned higher than the efferent loop, ensuring that peristalsis moves food and digestive

Juices in the same direction (D12).
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18.3 Loop fixation and isoperistaltic conduit

Loop fixation: The efferent loop (food-carrying limb) was attached to the
bypassed stomach, while the afferent loop (digestive fluid-carrying limb) was secured
to the gastric pouch (Figures 20 and 21).

Isoperistaltic conduit: The afferent limb was positioned higher than the efferent loop,
ensuring that peristalsis moves food and digestive juices in the same direction (Figure 22).

18.4 Gastrojejunostomy testing

* Leak test: Methylene blue dye was introduced via a 34-Fr gastric lavage tube to
check for leaks at the GJA (Figure 23).

Figure 21.

Leak Test: Methylene blue dye was introduced via a 34-Fr gastric lavage tube to check for leaks at the GJA (D13).
Loop Fixation: The efferent loop (food-carrying limb) was attached to the bypassed stomach, while the afferent
loop (digestive fluid-carrying limb) was secured to the gastric pouch (D14).

Figure 22.

Limb Placement, Afferent Limb: Positioned on the patient’s left side (leading to the stomach pouch). Efferent
Limb: Positioned on the patient’s vight side (leading away from the pouch). Reason: Proper placement prevents
torsion (twisting) of the intestinal mesentery, ensuring blood flow and reducing complications (D15).
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Figure 23.
A single absorbable suture was placed, attaching the afferent limb to the left side of the gastric pouch, 3 cm
proximal to the GJA (D16).

* Tubes and drains: Routine nasogastric tubes and suvgical drains were not used
postoperatively.

Video 10 - https://vimeo.com/1047492295?share=copy#t=0

18.5 Anti-reflux suture

A single absorbable suture was placed, attaching the afferent limb to the left side of
the gastric pouch, 3 cm proximal to the GJA (Figure D16).

Purpose: To facilitate bile flow toward the efferent limb and prevent reflux into the
gastric pouch.

In summary, the passage describes how the surgical team tested the connection
between the stomach and intestine for leaks, notes their practice of not routinely
using certain tubes and drains, and explains the placement of a suture to help prevent
reflux of digestive juices (Figure 16).

18.6 Standardization and learning curve

The learning curve, as described by Ebbinghaus in 1885, is fundamental in
surgical proficiency [24]. In OAGB, repeated procedures facilitated technical
refinements, leading to a standardized surgical approach. [25, 26]. This standard-
ization, implemented between 2016 and 2021, correlated with decreased opera-
tive times, shorter hospital stays, reduced morbidity, and an increased patient
volume, rising from 66 patients in 2016 to 191 in 2021. The mean operative time in
this study was 48.9 minutes for primary procedures and 52.6 minutes for the com-
bined group, with a mean length of stay (LOS) of 1.6 days. These metrics compare
favorably with published data, which report mean operative times of 37.5 minutes
in a large series and 73.5 minutes in a systematic review, and LOS ranging from 1
to 5 days.
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18.7 Early complications

Early complications, occurring within 30 days post-surgery, include leaks, bleed-
ing, and strictures. The overall complication rate typically ranges from 3.5 to 7.9%. The
International Federation for the Surgery of Obesity and Metabolic Disorders (IFSO)
reported a 5.51% early complication rate in 19,051 OAGB procedures, with a 1.01%
reoperation rate. Primary procedures had a 4.91% complication rate, while revisional
procedures had 7.9%. In this study, the early complication rate was 2.1%, with major
complications at 0.3%, minor complications at 2.0%, and no reoperations. This is
notably lower than rates reported in larger reviews, which cite a mean early complica-
tion rate of 4.7% and major complications ranging from 0 to 5.5%. The study reported
no early mortality, further supporting the procedure’s safety profile.

18.8 Leak prevalence and management

Leaks, the most common complication, typically occur within the first 3 days and
can lead to severe sequelae. Rates range from 0.1 to 1.9%, with a systematic review of
12,807 patients reporting a 0.96% leak rate [27]. Causes include issues with closure
materials, poor blood flow, and conditions affecting wound healing. Symptoms
include abdominal pain, fever, and tachycardia. Diagnosis involves monitoring, physi-
cal examination, and imaging. Management includes fluid stabilization, infection
control, nutritional support, and, in severe cases, surgical intervention. The leak rate
in this study was 0.3%, lower than rates reported in other large studies.

18.9 Bleeding and other early complications

* Bleeding prevalence: Bleeding is the second most common early complication; it typi-
cally originates from the gastric pouch staple line, blood vessels during dissection, or
the GJA [28].

* Diagnosis and management: Bleeding may be intraluminal (within the digestive
tract) or intra-abdominal (in the abdomen). with rates ranging from 0.9 to 1.7%
[27, 29] in various studies. Most cases are managed conservatively, but a few may
requive surgical intervention.

* Current study’s bleeding vate: The study observed a 0.4% postoperative bleeding vate
(3 out of 774 patients), all managed conservatively without surgery.

venous thromboembolism (VTE), with an incidence of 0.3-2.4%, and gastric
remnant distension. VTE prevention involves early mobilization and low-dose
unfractionated heparin or low-molecular-weight heparin (LMWH) [30].

18.10 Late complications

Late complications include nutrient deficiencies, internal hernias (IH), marginal
ulcers, dumping syndrome, and bile reflux. IH occurred in 2.8% of patients, with
diagnosis relying on CT scans [31]. Marginal ulcers are treated with proton pump
inhibitors (PPIs) and lifestyle modifications, Surgical Options: Required in severe
cases (dilatation or bypass revision) [31].
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Complication OAGB population (N =774) [n (%)] Treatment

Leak 2(0.3) (1) Percutaneous drainage, ICU stay

(2) Re-laparoscopy with drainage

Bleeding 3(04) Conservative treatment
Wound infection 1(0.1) Conservative treatment
Respiratory issues’ 3(04) Conservative treatment, ICU stay
Acute kidney failure 1(0.1) Conservative treatment
Urinary tract infection 2(0.3) Antibiotics

ICU stay 4(0.5)

Total morbidity 16 (2.1)

'Difficult weaning off intubation, pneumothorax, hypoxia.
ICU indicates intensive care unit; OAGB, one-anastomosis gastric bypass.

Tables.
Early postoperative complications after OAGB.

References No.cases Complicationrate (%) Major complication rate (%) Mortality rate
This study 774 21 0.3 0.0
Carbajo etal. [10] 1200 2.33 1.33 017
Wang et al. [19] 423 59 1.65 047
Chevallier et al. [28] 1000 35 — 0.2
Lessing etal. [29] 407 4.22 246 0
Musella et al. [30] 2678 314 0.68 0.11
Tahaetal. [31] 1520 316 0.47 013
Kular et al. [32] 1054 4.65 133 0.19
Carbajo etal. [32] 209 3.83 144 0.96
Musella et al. [33] 954 5.57 21 0.21
Noun et al. [34] 1000 34 0.6 0
Kansou et al. [35] 136 6.62 41 0
Table 6.

Comparative individual one-anastomosis gastric bypass study complication and mortality rates.

Dumping syndrome is managed through dietary changes and medication. Bile
reflux, with a reported incidence varying widely (7.8-55.5%), may necessitate conver-
sion to Roux-en-Y Gastric Bypass (RYGB) [32, 33].

Mortality and standardization:

Overall complication rate: Within 30 days post-surgery, complication rates range
from 3.5 to 7.9%, including major issues like leaks, bleeding, and strictures [29].

The International Federation for the Surgery of Obesity and Metabolic Disorders
(IFSO) reported that among 19,051 one-anastomosis gastric bypass (OAGB) pro-
cedures, the early complication rate was 5.51%, with a reoperation rate of 1.01%.
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Specifically, primary procedures had an early complication rate of 4.91%, while
revisional procedures had a rate of 7.9% [34].

Total complication rate: Between 3.5 and 7.9% in early OAGB recovery, with 3-8 out
of every 100 patients experiencing complications (Tables 3 and 5).

Comparison to other studies: Major complications:

Large sample size: A review with 12,807 patients showed a mean early complication
rate of 4.7%, with major complications ranging from 0 to 5.5% [27].

The current study’s complication rates are lower than those reported in large
systematic reviews and individual studies. Importantly, the study reported no early
mortality, reinforcing the safety of the procedure (Table 6).

In summary, the current study shows low complication rates, efficient operative
times, and a positive safety profile compared to other OAGB studies, particularly with
its low reoperation and complication rates.

19. Revisional OAGB and conversion to RYGB

Revisional One-Anastomosis Gastric Bypass (OAGB) surgery is considered a
viable option for patients experiencing failure following initial restrictive bariatric
procedures. While OAGB demonstrates general safety and effectiveness, its inher-
ent malabsorptive nature can, in some cases, lead to severe protein-energy mal-
nutrition (PEM), potentially necessitating further surgical intervention to restore
normal anatomy. A comprehensive literature review encompassing 26 studies and
1771 patients who underwent revisional OAGB/Mini Gastric Bypass (MGB) fol-
lowing failed restrictive surgeries revealed significant improvements. Specifically,
Body Mass Index (BMI) values averaged 31.52 kg/m? at 1 year, 31.40 kg/m” at 3
years, and 30.54 kg/m” at 5 years post-revision. Diabetes remission rates were
65.16% at 1 year, 65.37% at 3 years, and 78.10% at 5 years. While improvements in
gastroesophageal reflux disease (GERD) were noted, 7.4% of patients developed
new-onset GERD post-revision. Leakage was identified as the most common major
complication; however, OAGB/MGB remains a feasible and effective revisional
strategy [35]

Severe bile reflux represents a recognized long-term complication following
OAGB. In a cohort of 16 patients experiencing severe bile reflux post-OAGB, conver-
sion to Roux-en-Y Gastric Bypass (RYGB) was performed. Symptom onset occurred,
on average, 58.3 months post-initial OAGB. All patients presented with pain, 81.3%
experienced vomiting, and 43.8% reported dysphagia. Endoscopic evaluation
revealed bile presence in all patients, with 31.3% exhibiting marginal ulceration and
50% gastritis. The mean alimentary limb length at revision was 37.7 cm, ranging
from 20 to 62 cm. Following an average 14.9-month post-conversion follow-up, all 16
patients reported complete resolution of bile reflux symptoms [36].

20. Conclusion
The authors of this study are trying to standardize the procedure. That makes
sense because variations in surgical technique can lead to different outcomes, so

having a standardized approach could improve consistency and safety. The paper
probably details the steps they took to create this standardization, maybe things
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like the size of the gastric pouch, the location of the anastomosis, the length of the
biliopancreatic limb, etc.

The technical aspects section would describe exactly how the surgery is per-
formed. For example, how they create the gastric pouch—using staplers, how they
measure the limbs, how they perform the anastomosis (hand-sewn vs. stapled), and
any other specific steps taken to ensure uniformity across procedures.

The early outcomes would include things like weight loss results, complication
rates (both during surgery and post-op), hospital stay length, and any adverse effects
like leaks, infections, or nutritional issues. Since it is early outcomes, they are prob-
ably looking at data from the first 30 days or so after surgery, maybe up to a year.

The authors involved are from different institutions, which suggests a collabora-
tive effort. Maybe they compared their standardized technique outcomes to previous
non-standardized approaches or other procedures. I should check if they have a
control group or if this is a retrospective/prospective study.

Looking at the names, Nasser Sakran and Mohamad Hamoud are known bariatric
surgeons, so their involvement adds credibility. The study being in a journal like
Obesity Surgery or similar would make sense. The methods section would explain the
patient selection criteria, the surgical protocol, data collection methods, and statisti-
cal analysis.

Potential strengths of the study could be a large sample size, detailed technical
description, and multi-center involvement. Weaknesses might be short follow-up
time (since it is early outcomes), possible selection bias, or lack of long-term data on
complications like nutritional deficiencies or bile reflux.

I should also consider how this study contributes to existing literature. OAGB has
been controversial in some circles because of concerns about long-term complica-
tions, so a standardized technique that reduces variability might help in comparing
outcomes across different studies and improving patient safety.

Wait, the term “one-anastomosis” versus “mini” gastric bypass—is OAGB the
same as the mini gastric bypass? I think they are similar or the same procedure. Some
surgeons prefer OAGB as the terminology now.

In the technical aspects, they might mention things like the length of the gastric
pouch, starting from the angle of His, the size of the pouch, the antecolic vs. retro-
colic route for the anastomosis, the length of the biliopancreatic limb (which could
affect malabsorption), and the type of anastomosis (e.g., linear vs. circular stapler).

For early outcomes, they will report on operative time, conversion rates to open
surgery, intraoperative complications like bleeding or organ injury, and postop-
erative complications such as leaks, strictures, DVT, pulmonary embolism, and
mortality. Weight loss metrics like % excess weight loss at 3, 6, and 12 months might
be included. Also, the resolution of comorbidities like diabetes, hypertension, and
sleep apnea.

They might also discuss how their standardization affected outcomes compared to
previous reports. If their complication rates are lower, that suggests standardization
helps. If operative times are consistent, that is another plus.

I wonder if they addressed the learning curve for surgeons adopting this standard-
ized technique. If they included multiple surgeons across centers, they might analyze
outcomes relative to surgeon experience.

Nutritional outcomes are important too—iron, B12, and calcium levels post-op.
But since it is early outcomes, maybe they only look at acute issues rather than long-
term deficiencies.
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Another point is patient selection. Did they use standard bariatric criteria—BMI
over 40, or over 35 with comorbidities? Any exclusion criteria, like previous gastric
surgery, that could affect outcomes?

In the results, they will probably have demographic data—age, gender, baseline
BMI, and comorbidities. Then, surgical outcomes like operative time, length of stay,
and complications. Weight loss at various intervals. Statistical tests would check
for significance in differences, maybe correlations between technique variables and
outcomes.

In the discussion, they will interpret the results in the context of existing litera-
ture. They might argue that their standardized technique reduces variability and
improves safety, making OAGB a more viable option. They might address limitations,
like the need for long-term follow-up studies.

I should also consider if there are any conflicting interests, like funding from
medical device companies, but that is usually in the disclosures.

Overall, this study seems to contribute a detailed protocol for OAGB, aiming to
reduce surgical variability and improve early postoperative outcomes. The findings
could help other surgeons adopt OAGB with a standardized approach, potentially
leading to better comparative studies in the future.

The study provides a validated, stepwise approach to OAGB, demonstrating its
safety and efficacy in early outcomes. Standardization facilitates broader adoption
and reliable comparison in bariatric research, positioning OAGB as a viable option for
morbid obesity management. Surgeons are encouraged to adhere to detailed protocols
to optimize patient outcomes.
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Chapter7

Body Contouring and Metabolic
Improvement Updates and
Perspectives: VASER Liposuction
and Ketogenic Diet for BMI
above 35

Hasan Ali

Abstract

This chapter presents a multidisciplinary approach to obesity management by
integrating VASER liposuction and a ketogenic diet, specifically targeting patients
with a BMI above 35. Obesity treatments often fail to achieve dual objectives:
substantial weight reduction and effective body contouring, particularly when
post-weight loss skin laxity is a concern. VASER liposuction, a minimally invasive
technique, addresses these challenges by promoting precise fat removal and superior
skin tightening through collagen remodeling, and contouring improvements. Paired
with the ketogenic diet, which induces ketosis to optimize fat metabolism, reduce
systemic inflammation, and improve insulin sensitivity, this approach bridges gaps
in traditional obesity management. A comprehensive analysis of a case series dem-
onstrates the efficacy of this combined strategy, highlighting metabolic benefits such
as improved lipid profiles, cardiovascular health, and hormonal balance alongside
esthetic enhancements. Notably, several patients achieved significant weight and BMI
reductions even without combining VASER liposuction with dietary interventions,
underscoring the standalone potential of the procedure for lower BMI individuals.
Patient satisfaction ratings averaged 8.5 out of 10, reflecting the dual efficacy of
esthetic and metabolic improvements. Key topics such as patient selection, procedural
techniques, postoperative care, and long-term outcomes are discussed. This innova-
tive approach offers a transformative alternative to conventional methods, providing
sustainable results and addressing the multifaceted challenges of obesity. The find-
ings emphasize the relevance of integrating advanced technologies and personalized
nutritional strategies in clinical practice, with implications for improving patient
outcomes and public health policies.

Keywords: VASER liposuction, ketogenic diet, obesity management, body contouring,
BMI above 35, skin retraction, multidisciplinary approach, metabolic health

151 IntechOpen



Obesity — Curvent Science and Clinical Approaches

1. Introduction

Obesity remains one of the most pressing public health concerns globally, con-
tributing significantly to metabolic disorders, cardiovascular diseases, and reduced
quality of life. According to the World Health Organization (WHO), the prevalence
of obesity has more than tripled since 1975, with over 650 million adults now classi-
fied as obese. This growing epidemic is influenced by a complex interplay of socio-
economic, cultural, and environmental factors, including urbanization, sedentary
lifestyles, and the widespread availability of energy-dense foods.

Cultural attitudes toward body image and dietary habits also play a pivotal role in
the global rise of obesity. In many regions, high-calorie diets rich in refined sugars and
fats have become normalized, while physical activity levels have decreased due to tech-
nological advancements and urban infrastructure favoring automobile use over active
transportation. These trends exacerbate health disparities, as economically disadvantaged
populations often have limited access to nutritious foods and safe spaces for exercise.

The consequences of obesity extend beyond physical health, impacting mental
well-being, social inclusion, and healthcare systems worldwide. Traditional weight
loss interventions, such as caloric restriction and exercise, frequently fall short for
individuals with a BMI above 35, necessitating innovative solutions. While bariatric
surgery offers significant weight loss potential, it is often accompanied by risks, high
costs, and extensive recovery periods.

Recent advancements in medical and esthetic technologies have provided alterna-
tive pathways for addressing obesity. VASER liposuction, a sophisticated ultrasound-
assisted technique, has emerged as a minimally invasive option capable of reducing
fat deposits while enhancing skin tightening through collagen remodeling [1].
Simultaneously, the ketogenic diet, a high-fat, low-carbohydrate nutritional strategy,
promotes sustained fat loss and metabolic regulation by inducing a state of ketosis.
Together, these approaches offer a dual solution, addressing both the esthetic and
metabolic challenges associated with obesity.

This chapter explores the integration of VASER liposuction and the ketogenic diet
as a holistic strategy for obesity management. By analyzing clinical outcomes, patient
satisfaction, and long-term benefits, we aim to demonstrate the transformative poten-
tial of this combined approach, emphasizing its role in bridging the gap between
traditional weight loss methods and bariatric surgery. According to the World Health
Organization (WHO), more than 650 million adults worldwide suffer from obesity,
with numbers continuing to increase at an alarming rate. Conventional weight loss
strategies, including caloric restriction, physical activity, and pharmacotherapy,
often prove insufficient for individuals with a BMI above 35. While bariatric surgery
remains a primary option for severe obesity, it carries inherent risks, prolonged
recovery, and long-term complications.

Recent advancements in esthetic surgery and metabolic health management have
led to a growing interest in minimally invasive alternatives for body contouring and
weight reduction. Specifically, technological innovations in VASER liposuction have
addressed significant limitations of traditional methods [2]. Unlike conventional
suction-assisted liposuction, VASER employs ultrasound-assisted technology to
emulsify fat selectively, preserving vital structures such as nerves and connective
tissues. This precision minimizes postoperative irregularities and enhances skin
tightening by stimulating collagen production, a critical factor for high BMI patients
prone to skin laxity. Furthermore, the ketogenic diet complements these esthetic
advancements by leveraging metabolic science to optimize fat oxidation and improve
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hormonal balance. Together, these methods provide a comprehensive solution for
patients seeking both immediate and sustained results. VASER liposuction, a refined
ultrasound-assisted technique, has gained prominence due to its ability to selectively
target adipose tissue while preserving vital structures such as blood vessels and con-
nective tissues. Unlike traditional suction-assisted liposuction (SAL), VASER liposuc-
tion enhances skin contraction and collagen remodeling, making it a valuable tool in
patients with high BMI who are prone to skin laxity post-weight loss.

Simultaneously, the ketogenic diet has emerged as a powerful nutritional strategy for
sustainable fat loss and metabolic regulation. By inducing a state of ketosis, where the
body shifts from glucose to fat oxidation as its primary energy source, the ketogenic diet
promotes weight loss, improves insulin sensitivity, and reduces systemic inflammation.
Research by Schreiber et al. [3] highlights the hormonal changes post-liposuction that
enhance metabolic benefits, while studies by Chia et al. [4] emphasize the precision and
efficacy of VASER liposuction in achieving both esthetic and metabolic outcomes.

Furthermore, De La Cruz et al. [5] underline the role of lipoplasty in regulating
metabolic profiles, showcasing its potential to complement dietary interventions for
holistic patient management. These findings align with emerging clinical evidence,
reinforcing the combined utility of VASER liposuction and the ketogenic diet in
achieving optimal outcomes.

This chapter presents a comprehensive analysis of the combined effects of VASER
liposuction and a ketogenic diet in a cohort of high BMI patients. These findings
offer valuable insights into how advanced medical technologies and personalized
nutritional strategies can address the multifaceted challenges of obesity. By focusing
on both esthetic and metabolic outcomes, this approach underscores the potential
for innovative, minimally invasive techniques to bridge existing gaps in obesity
management. By examining clinical outcomes, metabolic improvements, and patient
satisfaction, we aim to highlight the potential of this approach as a viable alternative
to conventional weight loss interventions and bariatric surgery.

2. Methods
2.1 Patient selection

A retrospective case series analysis was conducted on 10 high BMI patients (>35)
who underwent VASER liposuction followed by a structured ketogenic diet. The case
series includes patients representing a diverse range of cultural and ethnic backgrounds,
providing valuable insights into the adaptability of the combined approach across dif-
ferent populations. Patients ranged in age from 23 to 53 years, with a balanced represen-
tation of genders, highlighting the broad appeal and applicability of this intervention.
The inclusion criteria required patients to be in good general health, non-smokers, and
committed to following a ketogenic diet postoperatively. Patients with severe systemic
illnesses, uncontrolled diabetes, or contraindications to surgery were excluded.

2.2 Surgical procedure

VASER liposuction was performed under sedation or general anesthesia,
depending on the extent of fat removal and patient preference. All procedures were
conducted as day-care surgeries, allowing patients to be discharged on the same day.
Target areas for fat aspiration varied based on gender:

153



Obesity — Curvent Science and Clinical Approaches

e Men: Abdomen, flanks, back, and chest.
* Women: Abdomen, flanks, back, arms, thighs, knees, and calves.

A tumescent solution containing saline, lidocaine, bicarbonate, and epinephrine
was infiltrated into the target areas to minimize bleeding, reduce pain, and facili-
tate fat emulsification. Following this, a VASER probe with either a 3.7 two-ring or
three-ring tip was employed to selectively break down adipose tissue while preserving
connective tissues, blood vessels, and nerves. The emulsified fat was aspirated using a
3.7 or 4.6 mm cannula, ensuring even fat removal and achieving smooth contours.

Postoperatively, patients were immediately fitted with compression garments to
minimize swelling and mitigate potential complications such as seroma formation,
asymmetry, or skin irregularities. In some cases, compression boards were used for
the abdomen and other areas to provide additional support and improve outcomes.
To reduce the risk of bleeding, all patients received transaminic acid injections during
the procedure. Antibiotics and oral analgesics were prescribed for at-home recovery.

Postoperative care included:

» Wearing compression garments for 6 weeks.

* Starting lymphatic drainage massages after the first postoperative week, con-
tinuing for a month.

* Encouraging early ambulation to prevent complications like deep vein thrombo-
sis (DVT).

This meticulous approach to patient management underscores the importance
of combining procedural precision with effective postoperative protocols to ensure
optimal outcomes. The introduction of a structured ketogenic diet post-surgery further
enhanced the results, promoting sustained weight loss, improved metabolic health, and
high patient satisfaction.

2.3 Ketogenic diet protocol
A structured ketogenic diet, initiated 5 days post-surgery, included high-protein

and healthy fats. This 6-month regimen was monitored by a dietitian, focusing on
metabolic parameters and weight reduction.

3. Results
3.1 Patient demographics
3.1.1 Clinical outcomes

» Weight loss percentages: Patients exhibited an average weight loss of 5-12% over
6-12 months.

* BMI improvements: Mean BMI reduction ranged from three to nine points
postoperatively.
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* Esthetic outcomes: All patients demonstrated enhanced body contouring and
improved skin tightening, as confirmed through clinical evaluation and photo-
graphic documentation.

* Metabolic improvements: Sevety per cent of patients reported improved glycemic
control, reduced triglyceride levels, or better insulin sensitivity.

* Patient satisfaction: Average satisfaction score was 9/10, reflecting positive
experiences with both the procedure and postoperative results.

3.2 Representative cases

Case 1: A 36-year-old male with a BMI of 40.9 underwent VASER liposuction
targeting the abdomen, flanks, and chest. Postoperative BMI was reduced to 31.0, and
it was accompanied by improved energy levels and reduced triglyceride levels.

Case 2: A 25-year-old female with a BMI of 37 underwent upper and lower-body
contouring with VASER liposuction and adhered strictly to the ketogenic diet. She
experienced a weight reduction of 32 kg over 12 months, achieving a BMI of 22.6 and
significant improvement in PCOS symptoms.

Case 3: A 41-year-old female with a BMI of 35 underwent multiple VASER liposuc-
tion procedures and achieved a weight loss of 35 kg over 12 months, with no signifi-
cant skin laxity or complications.

Case 4: A 53-year-old male with a BMI of 35 underwent VASER liposuction
targeting the abdomen and chest. He demonstrated improved glycemic control and
sustained visceral fat reduction at 6 months postoperatively.

3.3 Summary of trends and insights
3.3.1 Gender-specific improvements
* Men: Reductions in triglyceride levels and improved hypertension management.

* Women: Improved insulin sensitivity, symptom alleviation from polycystic ovary
syndrome (PCOS), and better weight maintenance.

» Complication rates: Minimal bruising and transient swelling were noted but
resolved without intervention.

* Sustainability: Patients adhering to the ketogenic diet showed better mainte-

nance of weight loss and metabolic benefits compared to those who deviated
(Table1).

Table 2 displays improvements in triglyceride levels, blood sugar, and blood pressure.

* Immediate outcomes: VASER liposuction achieved significant fat reduction, with
an average midsection circumference decrease of 8-15 cm.

* Long-term outcomes: Over 6-12 months, adherence to the ketogenic diet led
to additional weight loss (5-12% of body weight), visceral fat reduction, and
improved skin tightening.

Patient satisfaction exceeded 90%, and minimal complications were reported.

155



Obesity — Curvent Science and Clinical Approaches

524005 UOLIIVfS11VS TUI1IVd pup SULPINAUL0I TING puv
1y3rom Laadans-3sod puw -a4d Jo Lavuwuns v :SE 2a0qp [ING YIM SPRPIAIPUL UL 191P 21U230323 PUD U0LIONSOdL] YHSYA SULM0]]0f SaUL0ITNO PUY S|IDIP [DANPII0AA SILISIAIIIVAVYD JUIIIV]

‘TIIqEL
sampadoxd uononsodiy
ot SUON |24 99 99 06 YASVA 2dnmp S[eta, Iy ot
saATed pue sySiyy

8 Suypms €C <9 6€ 601 30 uononsodi| YASYA oreurag 9 6
Syue[ 29 USWOPJE

(0] SUoN €C 19 JAS 16 Jo uondnsodi] YASVA S[euag €C 8

SYUE[J pue ‘USWOPJE ISAYD

(0] SUON 153 L6 6'0% ya4s Jo uondnsodi] YASVA S[EIN 9¢ L
1S3 pUE USWOPqy

6 J10JUIODSIP TEWIUI T1¢ 101 19¢ 8IT Jo uoydnsodrT YHSYA SN (0l 9
SULTE PUB USWIOPQE

o) SUON| 9t 18 A3 €es [Imy 3o uononsodi] YASVA S[eura] 74 S

1S3 pue
oeq ‘Syue[} ‘UswWopqe

6 SUON| 8¢ €6 92 6¢IT Jo uononsodi] YHSYA oleIN Le ¥
syo01Nq pue sy

L Suiams £'6e 6501 99¢ 601 Jo uononsodi] YHSYA S[eN qe €
SYUB[J pue USWIOPY

8 Sursmaq [ewrruriy 42 96 99 8001 453> uononsodIT YASVA S[eN €S [4

seare oidnnpy
6 SUON 99¢ 9L oe €16 uondonsodi] YASVA S[euay 144 1
(o1-1) (hue INg (31) 13m INg (31) W3om
uonpeyspesjuaneg i) suonedsrduroy  A1aSins 1ayy £138.1mg 1213y Axa8msarg Axa8msaxrg ampadorg mpusn  (sreak)afy NS

156



Body Contouring and Metabolic Improvement Updates and Perspectives: VASER Liposuction and...
DOI: http://dx.doi.org/10.5772/intechopen.1009622

Parameter Preintervention Postintervention

Triglycerides (mg/dL) Increased in four patients Normalized in three patients

Blood sugar levels High in three patients Improved levels in all patients

Blood pressure Elevated in two patients Improved in both patients
Table 2.

Metabolic changes postintervention.

4. Discussion

Drawing from my clinical experience, VASER liposuction has shown remarkable
results in high BMI patients by significantly reducing fat volume while improving
skin elasticity. However, despite its advantages, there are limitations and challenges
associated with its application in high BMI patients. One of the primary concerns is
its suitability for extreme obesity cases. While VASER liposuction is effective in body
contouring, it is not a weight loss solution on par with bariatric surgery. Patients with
extremely high BMIs may require multiple sessions to achieve satisfactory results, and
the amount of fat that can be safely removed in a single procedure is limited due to
safety guidelines.

Another important factor to consider is the cost implications. Compared to tradi-
tional liposuction techniques, VASER liposuction tends to be more expensive due to
the advanced technology and specialized training required for its use. This may limit
its accessibility to patients from lower socioeconomic backgrounds, making it a less
viable option for widespread obesity management.

Additionally, postoperative care is crucial for ensuring optimal results.
Compression garments, lymphatic drainage massages, and strict adherence to dietary
modifications, such as the ketogenic diet, are necessary for maintaining long-term
benefits. Patients who do not comply with these recommendations may experience
suboptimal outcomes or weight regain over time.

Despite these challenges, VASER liposuction remains a valuable tool for individu-
als seeking a minimally invasive alternative to bariatric surgery. The combination
of body contouring and metabolic benefits through the ketogenic diet presents a
promising approach for sustainable weight management and improved quality of
life. Among my treated patients, those with a BMI above 35 demonstrated substantial
improvements in their metabolic health postoperatively, particularly when adhering
to a ketogenic diet. Many of my male patients reported reductions in triglyceride
levels and improved hypertension control, while female patients exhibited enhanced
insulin sensitivity and better PCOS symptom management [5].

The integration of advanced ultrasound-assisted liposuction, as highlighted by
Chia et al. [4], underscores the precision and efficacy of VASER in achieving skin
tightening and improved body contour. Compared to traditional liposuction tech-
niques, such as suction-assisted liposuction (SAL) and power-assisted liposuction
(PAL), VASER employs ultrasound waves to selectively emulsify fat while preserving
blood vessels, nerves, and connective tissue [6]. This results in reduced postoperative
bruising and swelling, as well as enhanced collagen remodeling, leading to improved
skin contraction.

Emerging technologies such as laser-assisted liposuction (LAL) and radiofre-
quency-assisted liposuction (RFAL) have also gained traction in body contouring.
While LAL utilizes thermal energy to disrupt fat cells, its efficacy in skin tightening
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is often limited compared to VASER. RFAL, on the other hand, delivers radiofre-
quency energy to induce skin contraction, but studies suggest that VASER achieves
more uniform fat removal with less risk of burns or thermal damage. Additionally,
VASERSs ability to target dense, fibrous fat makes it particularly advantageous for
male chest contouring and secondary liposuction procedures where scar tissue may
be present. By leveraging its advanced emulsification capabilities, VASER remains a
leading choice in modern body contouring procedures. Moreover, De La Cruz et al.
[5] reported that lipoplasty not only aids in esthetic outcomes but also contributes to
metabolic regulation, a finding mirrored in this study’s cohort.

This approach synergizes esthetic and metabolic benefits. VASER liposuc-
tion contributes to skin tightening through ultrasound-assisted technology that
promotes collagen remodeling. This enhances skin elasticity and provides a more
contoured appearance, as observed in Figures 1B and 2B [7]. Concurrently, the
ketogenic diet aids in metabolic health by inducing ketosis, a state where the body
utilizes stored fat as a primary energy source, thereby reducing visceral fat and
improving lipid profiles [8].

VASER-assisted lipoplasty (VAL) demonstrates remarkable benefits in body
contouring, including superior skin tightening and reduced blood loss compared to
traditional suction-assisted lipoplasty (SAL). A multicenter, prospective, random-
ized trial highlights a statistically significant 53% improvement in skin retraction
with VAL, attributed to its ultrasound-assisted technology that stimulates collagen
remodeling. Furthermore, the study found a 26% reduction in blood loss with VAL
compared to SAL, underscoring its safety profile during high-volume fat removal
procedures [9].

These findings align with the outcomes observed in our case series. Patients
reported significant esthetic improvements, particularly in skin tightening, without the
need for additional procedures to address skin laxity. The capacity of VAL to preserve
vital structures while emulsifying fat enhances the precision of fat removal, which is
especially critical for high BMI patients prone to uneven contouring and skin sagging
post-weight loss.
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Figure 1.
(A) Front preoperative views of chest, abdomen, and flanks in a high BMI male patient (see Section 3.2).
(B) Six-month postoperative results showcasing significant fat veduction and skin tightening (see Section 3.2).
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Figure 2.
(A) Side preoperative views of chest, abdomen, and flanks in a high BMI male patient (see Section 3.2).
(B) Six-month side view postoperative results showing significant skin retraction (see Section 3.2).

Additionally, VAL’ capability to minimize blood loss facilitates smoother post-
operative recovery, which was evident in our cohort, where complication rates were
minimal and recovery times were expedited. This further supports VAL as a preferred
choice for body contouring in both high and low BMI patients, offering consistent
esthetic and metabolic benefits.

In male patients, reductions in triglyceride levels and hypertension management
were significant, correlating with better cardiovascular outcomes (Figure 3D) [10].
Female patients benefited from improved insulin sensitivity, relief from PCOS symp-
toms, and sustainable weight maintenance, as highlighted in Figure 4B. Schreiber
etal. [3] noted that hormonal changes post-liposuction, including adjustments in
ghrelin and adiponectin levels, further enhance the metabolic benefits when com-
bined with dietary modifications.

These outcomes emphasize the dual efficacy of this integrated approach for
achieving esthetic and metabolic improvements, providing a viable alternative to
traditional bariatric procedures for select high BMI patients.

Long-term follow-up of patients revealed that those who adhered to the ketogenic
diet maintained their weight loss and metabolic improvements, whereas non-adherent
patients exhibited weight regain [11]. These findings reinforce the need for integrated
dietary interventions post-liposuction to sustain long-term benefits [12, 13].

Even without the incorporation of the ketogenic diet, VASER liposuction alone
has demonstrated significant weight loss and BMI reduction in patients. A study by
Kandulu et al. [14] analyzed 51 patients undergoing VASER-assisted liposuction and
observed a substantial decrease in body weight and BMI within a month of the proce-
dure. Interestingly, the study highlighted that factors such as gender, age, aspiration
volume, and fat volume had no direct correlation with the weight reduction achieved,
suggesting the inherent efficacy of the VASER technology itself. This aligns with my
clinical experience, where patients, irrespective of dietary adherence, reported weight
loss following the procedure (Figure 5).
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Figure 3.

(A) and (C) Preoperative front and lateral views of a male patient undergoing VASER liposuction of the
chest, abdomen, and flanks (see Section 3.2). (B) and (D) Three-month postoperative front and lateval views
illustrating moderate weight loss and improved contour (see Section 3.2).

The findings reinforce the concept that the precision and efficiency of VASER
liposuction not only contribute to esthetic outcomes but also have a measurable
impact on physical metrics such as weight and BMI. Patients with higher baseline
BMIs often benefit more significantly, experiencing reductions in triglyceride levels
and improvements in metabolic parameters. These outcomes underscore VASER lipo-
suction’s potential as a standalone tool for targeted weight loss in patients not opting
for complementary dietary regimens.

However, the absence of a dietary strategy like the ketogenic diet may limit the
metabolic benefits post-liposuction, particularly in addressing systemic issues like
insulin resistance or chronic inflammation. Future studies could investigate the com-
parative outcomes of VASER liposuction alone versus in conjunction with structured
dietary programs, further elucidating the comprehensive impact of these methodolo-
gies in obesity management (Figure 6).
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(E) (F)

Figure 4.

(Ag) Front view of lower limbs (thighs and knees) preoperatively (see Section 3.2). (B) Long-term postoperative
results of thighs and knees showing enhanced contour (see Section 3.2). (C) Back view of thighs and calves
preoperatively (see Section 3.2). (D) Long-term results (3 years post-op) illustrating sustained improvement (see
Section 3.2). (E) Side view of thighs and calves preoperatively (see Section 3.2). (F) Long-term postoperative
results showing improved contour and skin quality (see Section 3.2).
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Figure 5.
(A) and (C) Front views of right and left arms demonstrating fatty deposits and loose skin. (B) and (D)
improved contouring and skin tightening sustained results 3 years postoperatively (see Section 3.2).

(B)

Figure 6.
(A) and (B) Long-term results of back folds after massive weight loss and VASER liposuction, showing improved

skin elasticity and contour (see Section 3.2).
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5. Side effects and challenges
5.1 Common postoperative complications

* Skin laxity: Some patients experienced skin laxity post-weight loss, especially
those who regained weight or after pregnancy in female phenotype [15].

* Contour irregularities: Noted in patients who did not adhere to dietary recommen-
dations, leading to uneven fat redistribution.

* Swelling and bruising: Common postoperative effects, all of which resolved
within weeks.

* Limited metabolic improvement: Patients with normal preoperative metabolic
markers did not experience significant changes in lipid or glucose levels.

5.2 Importance of postoperative dietary adherence

* Weight regain was noted in some patients who did not adhere to dietary recom-
mendations, causing fat redistribution and contour irregularities.

* Long-term dietary adherence plays a key role in sustaining both metabolic and
esthetic benefits.

5.3 Considerations for best outcomes
5.3.1 Patient selection and preoperative counseling

* Proper preoperative assessment is crucial to identify ideal candidates for the
combined approach.

* Patients must be counseled on realistic expectations and the importance of
postoperative care.

5.3.2 Role of multidisciplinary follow-up

* A multidisciplinary approach, including plastic surgeons, nutritionists, and physio-
therapists, enhances long-term success.

* Regular follow-up ensures early identification of complications and better weight
maintenance strategies.

6. Conclusion

The combination of VASER liposuction and the ketogenic diet represents an
innovative, minimally invasive approach to obesity management, particularly for high
BMI patients. This synergistic strategy not only delivers remarkable body contouring
outcomes but also fosters significant metabolic improvements. VASER liposuction,
with its advanced ultrasound-assisted technology, provides enhanced precision,
superior skin tightening, and reduced blood loss compared to traditional lipoplasty
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methods. This makes it a highly effective solution for addressing esthetic challenges,
especially in patients prone to skin laxity.

Furthermore, the ketogenic diet complements the procedural outcomes by
optimizing fat oxidation, improving glycemic control, and reducing systemic inflam-
mation. Together, these methods have demonstrated the potential to improve overall
health, as evidenced by reductions in BMI, enhanced hormonal regulation, and
improved cardiovascular metrics observed in our case series.

Notably, even without dietary interventions, VASER liposuction alone has been
shown to yield significant weight loss and esthetic benefits, underscoring its stand-
alone efficacy. However, integrating a structured ketogenic regimen amplifies these
effects, enabling sustained weight management and metabolic stability.

Future research should aim to expand follow-up periods, refine patient selection cri-
teria, and explore additional adjunct therapies to further enhance outcomes. This chapter
underscores the transformative potential of combining advanced surgical techniques with
personalized nutritional strategies, offering a viable alternative to bariatric surgery and
bridging the gap in obesity management for diverse patient populations.
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Future research directions

Future studies should focus on randomized controlled trials to validate the
observed outcomes. Extended follow-up periods are essential to assess the long-term
sustainability of weight loss and metabolic improvements. Additionally, exploring the
molecular mechanisms underlying collagen remodeling in VASER liposuction and the
systemic anti-inflammatory effects of the ketogenic diet could further substantiate
this combined approach.
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