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Preface

The book Weight Loss — A Multidisciplinary Perspective depicts the relevance of weight
loss as a clinical symptom or as a desired treatment outcome. It includes chapters on
economic, pathophysiological, diagnostic, and therapeutic aspects of various eat-
ing, gut, and weight disorders. The book comprises contributions from scientists,
clinicians, and an author with lived experience.

As the chapters cover timely research topics such as the microbiome-gut-brain axis,
ultra-processed food, probiotics, bariatric and endoscopic surgery, lifestyle inter-
ventions, patient-centered communication, and shared decision-making, the book
provides a comprehensive overview of current ideas about eating, gut, and weight
disorders.

I am grateful to the team of diverse authors from Australia, the Czech Republic,
Germany, Malaysia, Mexico, the Slovak Republic, Romania, Turkey, the United Arab
Emirates, the United Kingdom, and the United States of America for their excellent
contributions; and I would also like to thank IntechOpen and specifically Ms. Tea
Jelaca for making this book project possible.

Hubertus Himmerich

Department of Psychological Medicine,
King’s College London,

London, UK
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Chapter1

Tryptophan Metabolites and the
Microbiome-Gut-Brain Axis in
Major Gut Disorders

Bogdan Severus Gaspar, Monica Profir
and Sanda Maria Cretoiu

Abstract

Recently, the role of the gut microbiome has become more prominent in gut-brain
interactions. The microbiota-gut-brain axis homeostasis is responsible for our emotional
behavior, stress response, and brain neurotransmitter balance. This bidirectional com-
munication axis between the gut and the brain is influenced by the effect of the microbi-
ome on the metabolic pathways of the host. Intestinal bacteria intervene directly in Trp
metabolism, generating signaling molecules and specific metabolites with physiological
effects on both the brain and the intestine. Trp is also metabolized under the influence
of the microbiome and suffers three major pathways in the organism: The serotonin
(5-HT), kynurenine, and indole pathway resulting in the production of neuro-active
metabolites. This current chapter aims to cover the most recent data referring to the Trp
metabolites and the microbiome-gut-brain axis in major gut disorders, such as irritable
bowel syndrome (IBS), inflammatory bowel disease (IBD), and celiac disease. These
diseases are frequently associated with mood disorders.

Keywords: microbiome, indole, tryptophan, kynurenine pathway, serotonin

1. Introduction

Tryptophan (Trp) is an essential aromatic amino acid necessary for the normal
growth and health of mammalian species [1]. The main source of Trp is the diet,
however, small amounts can be produced by the gut microbiota, Escherichia coli, in
particular [2]. Trp is found in foods with protein content, such as turkey, chicken,
pork meat, fish, cheese, tofu, beans, nuts, and seeds [3]. Trp is absorbed at the intes-
tinal level and its absorption and availability in the small intestine are limited by the
simultaneous ingestion of carbohydrates and neutral amino acids because the release
of insulin favors the absorption of the latter [4]. Free Trp can be incorporated into
proteins, but it also serves as a precursor of serotonin and melatonin, the availability
of Trp being dependent on vitamin B6 [5, 6]. A small part of Trp from food reaches
the large intestine, where it is degraded under the action of the microbiota, following
different metabolic routes (Figure 1). The resulting metabolites participate in the
microbiota-gut-brain communication [7-9].
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Figure 1.

Thge tryptophan metabolism. Tryptophan metabolism occurs via the kynurenine pathway or the serotonin
pathway. Kynurenine is metabolized to kynuvenic or quinolinic acid, which is then converted to nicotinamide
adenine dinucleotide (NAD+ ). In the serotonin pathway, Trp is converted to 5-HTP in the enterochromaffin
cells and enteric neurons and can be further metabolized to form melatonin. Microbiota metabolize Trp into
indole and indole devivatives because they express different enzymes, resulting in end-products. Abbreviations:
ArAT - aromatic amino acid aminotransferase; IDO - indoleamine 2,3-dioxygenase; NAD'- nicotinamide
adenine dinucleotide; TDO - tryptophan 2,3-dioxygenase; TPH - tryptophan hydroxylase; TrD - tryptophan
decarboxylase enzyme; TNA - tryptophanase; SULT - sulfotransferase. Created with BioRender.

Multiple studies demonstrated that the gut microbiota plays a key role in the gut-
brain axis modulation by influencing the production of metabolites [10, 11].

Nowadays, microbiota located in the gut is regarded as a “virtual organ” outnum-
bering the human cells by a ratio of at least 10:1 [12]. However, this ratio was criti-
cized by Sender et al. who suggested that the ratio is in fact 1:1 [13].

The intestinal microbiota is essential for normal brain development and for
normal human behavior in adulthood, mainly based on the metabolism of Trp. This
was demonstrated by studies on germ-free animals. These studies brought tremen-
dous achievements in this regard, because it was demonstrated that the high Trp levels
observed in germ-free mice decreased after colonization of their gut, indicating that
microbiota plays a role in this decrease and also in the development of central seroto-
nergic systems [14].

Some in vitro studies showed that there are specific bacterial strains such
as Lactococcus lactis subsp. cremoris (MG 1363), L. lactis subsp. lactis (IL1403),
Lactobacillus plantarum (FI8595), Streptococcus thermophilus (NCFB2392), Escherichia
coli K-12, Morganella morganii (NCIMB, 10466), Klebsiella pneumoniae (NCIMB,
673), and Hafnia alvei (NCIMB, 11999) that can produce serotonin from Trp [15-17].

The brain-gut axis is a bidirectional communication network between the gastro-
intestinal tract, the (ENS), and the (CNS), mediated primarily by serotonin. Serotonin
plays a major role in the normal functioning of the gut-brain axis, acting as a neu-
rotransmitter in both the CNS and the ENS [18].
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Numerous sensations and functions are under the bidirectional (sensory and
motor) control of vagal system: Nausea, fullness, visceral pain, peristalsis, sphincter
control, etc. During the development of the enteric vagal innervation, the microbiota
might influence the developing axons of the ENS [19]. The gut microbiota is appar-
ently responsible for the maturation of the adult ENS through the release of 5-HT and
activation of 5-HT4 receptors, indicating its involvement in the normal peristaltic
function of the gut [20].

Trp metabolites, either of endogenous origin (kynurenine, kynurenic acid, and
NAD+) or resulting from bacterial degradation (indole, indole propionic acid, indole
acetic acid, skatole, and tryptamine), are involved in gut immune homeostasis and
mucosal homeostasis, and in serotonergic signaling [21].

Trp metabolites produced by microbes play an important role in gut physiol-
ogy. The Trp metabolite indole has anti-inflammatory activities and iz vitro studies
have demonstrated that indole promotes health by inducing the expression of tight
junction proteins and anti-inflammatory cytokines along with decreasing the level
of pro-inflammatory interleukin-8 (IL-8) [22]. Other studies have demonstrated
that indole-3-lactic acid (ILA) is able to reduce inflammation in immature epithelial
cells [23, 24].

Therefore, it is considered that dysbiosis is implicated in many functional disorders
of the gut-brain axis, such as (IBS), irritable bowel disease (IBD), and certain neuro-
psychiatric disorders like autism or depression [25-28].

In this chapter, we summarize the Trp metabolic pathways and we provide an in-
depth description of their interrelation with the gut microbiota and their impact on
the gut-brain axis in major gut disorders, such as IBS, IBD, and celiac disease (CeD).

2. Trp metabolic pathways
2.1 The serotonin pathway

The serotonin synthesis occurs primarily in the gastrointestinal tract (90%) and
partially in the CNS (10%) starting from its precursor Trp [5]. The initial step in the
serotonin pathway is represented by the Trp hydrolysis to 5-hydroxy Trp (5-HTP)
via Trp hydroxylase 1 and 2 (TPH1/2). TPH1 is found in the periphery, while TPH2
is found in the CNS. 5-HTP is then rapidly decarboxylated by the aromatic L-amino
decarboxylase (ALAAD) to 5-hydroxytryptamine (5-HT) known as serotonin [29].

5-HT is finally converted to melatonin in the pineal gland and the periphery or it is
metabolized by monoamine oxidase (MAO) to 5-hydroxyindole acetaldehyde, which
aldehyde dehydrogenase (ALDH) further oxidizes to 5-hydroxyindoleacetic acid
(5-HIAA). The serotonin metabolite 5-HIAA is eliminated via urinary excretion [30].

2.2 The kynurenine pathway

Only 5% of the Trp is utilized as a substrate for the production of 5-HT. The
remaining fraction of Trp enters the kynurenic pathway [31]. The Trp degradation
arises primarily in the liver via the Trp 2,3-dioxygenase (TDO) and partially extrahe-
patic in the brain and the gastrointestinal tract via the indoleamine 2,3-dioxygenase
(IDO). TDO and IDO are enzymes induced by glucocorticoids and pro-inflammatory
cytokines and convert Trp to kynurenine as a first step in the kynurenine pathway
[32]. Therefore, infections and chronic stress can reduce the amount of Trp that is
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converted to serotonin having a negative effect on mental health and the neuroendo-
crine stress axis [33-35].

After this initial step, kynurenine can be catabolized by three different enzymes.
Kynurenine aminotransferase (KAT) converts kynurenine into kynurenic acid
(KA). KA is an N-methyl-D-aspartate (NMDA) receptor antagonist and o7 nicotinic
acetylcholine receptor and it exhibits immunosuppressive, anti-oxidative, and

neuroprotective roles [31].

Part of kynurenine can also be converted to 3-hydroxykynurenine (3-HK) by the
kynurenine-3-monooxygenase (KMO). 3-HK is further converted to 3-hydroxy-
anthranilic (3-HAA) via the enzyme kynureninase. Both 3-HK and 3-HAA are
neurotoxic and oxidative mediators [31]. 3-HK has been shown to induce endogenous
oxidative stress and neuronal cell apoptosis and has been linked to a series of neu-
rodegenerative disorders [36]. 3-HK can further be converted to xanthurenic acid
(XA). 3-HAA can be converted to quinolinic acid (QA), which is further catabolized
into nicotinamide adenine dinucleotide (NAD") and niacin. KA and QA are both
neuroactive inflammatory mediators [5]. Studies have found a link between high
levels of QA and numerous neurological disorders such as anxiety, depression,
Huntington’s disease, and Alzheimer’s disease [37-39]. In addition, kynureninase
converts kynurenine to anthranilic acid (AA), a metabolite generally accepted as
biologically inactive [40].

2.3 The indole pyruvate pathway

Most of the available Trp comes from dietary intake via foods such as nuts, seeds,
milk, cheese, or tuna, and the majority of Trp is absorbed in the small intestine.
However, the fraction that remains unabsorbed serves as a substrate for the gut
microbes [5]. Through microbial degradation, Trp is metabolized into indole and
indole derivatives via the indole pathway.

Several microbes in the gut express enzymes that use Trp to generate indole and
other indole catabolites [5]. The microbial species involved in the indole pathway
have been summarized in recent reviews [41, 42]. Trp is converted to indole via the
enzyme Trp identified in gut bacteria such as Escherichia coli (E. coli), Clostridium
spp., and Bacteroides spp. [41]. The Trp decarboxylase that converts Trp to tryptamine
is expressed in Clostridium, Ruminococcus, Blautia, and Lactobacillus bacteria [43].

The first step in the degradation of Trp to indole-3-propionic acid (IPA) is the
conversion to indole-3-pyruvic acid (IPYA) via the aromatic amino acid decarboxyl-
ase, followed by the conversion to ILA and anholocyclic acid (IA), and finally IPA. In
addition, through different enzymes gut microbes degrade Trp to indole-3-aldehyde
(IAId) and indole-3-acetaldehyde (IAAIQ) [5].

3. Trp metabolites and gastrointestinal disorders
3.1Irritable bowel syndrome

IBS is a functional gastrointestinal disorder characterized by chronic abdominal
pain associated with altered bowel habits [44]. It is the most commonly diagnosed
gastrointestinal disorder, representing a significant social problem [45]. Visceral
hypersensitivity accounts for the symptoms of chronic pain that patients with IBS
report to their physicians. Pain perception might be influenced by the gut microbiota,
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which participates in pain signaling [46]. Species like Streptococcus, Escherichia,
and Enterococcus, which are known to produce 5-HT may influence visceral pain
perception [47].

The stimulation of receptors in the gut wall sends signals via the spinal cord to
the brain [48]. Specific mediators such as serotonin and kinins have been associated
with the visceral pain observed in IBS patients along with the increased spinal cord
excitability as a result of the NMDA receptor [49-51].

The role of Trp metabolites in IBS has been demonstrated by Fitzgerald et al.
when comparing patients with IBS to healthy controls. They found that IBS patients’
blood had more kynurenine than the control group, and that there was a positive link
between the severity of IBS symptoms and the kynurenine/tryptophan (Kyn/Trp)
ratio [52]. A shift in Trp metabolism toward kynurenine production has also been
observed by Han et al. along with a link between a Trp dysregulated metabolism and
the severity of IBS depression [53].

Several other authors have observed increased levels of serotonin in patients with
IBS compared to healthy controls. By comparing serum 5-HT levels under fasting
conditions in patients with IBS and healthy controls Moskwa et al. demonstrated
that serotonin levels are increased in both patients with diarrhea predominant and
constipation predominant IBS [54]. However, Atkinson et al. reported increased
levels of 5-HT in patients with diarrhea predominant IBS in both fasting and fed
conditions, whereas patients with constipation predominant IBS did not show
increased levels of 5-HT after meal ingestion. The results of this study suggest that
reduced serotonin reuptake characterizes patients with diarrhea predominant IBS
[55]. Other studies have demonstrated that serotonin levels are not significantly
different in patients with IBS compared to controls. However, an altered serotonin
metabolism appears to be implicated, with decreased 5-HIAA levels significantly
lower 5-HIAA/5-HT ratio [56].

The mechanisms underlying altered plasma serotonin levels in IBS remain
incompletely understood. However, in addition to modulating psychological and
behavioral processes through the CNS, serotonin, and its metabolites are also known
to play important modulatory roles in the ENS, co-regulating intestinal secretion,
motility, and visceral perception [57]. One study demonstrated an association
between increased plasma 5-HT levels in patients with IBS and the presence of
Bifidobacteriaceae, Bacteroidaceae, Oscillospiraceae, and the bacteriophages Podoviridae
in the gut microbiota. The authors have observed a pattern of altered serotonin
metabolism associated with identified fecal microbiome-metabolome signatures
and an exaggerated stress response in patients with IBS. These findings support the
microbiota-gut-brain link in the IBS pathogenesis [58].

The 5-HT mucosal levels also play an important role. Existing studies demon-
strated that the 5-HT levels are lower in IBS patients compared to the healthy controls
and it is associated with a low expression of the re-uptake transporters for TPH1 and
serotonin [59]. According to the studies, there might be differences in the 5-HT levels
between IBS subtypes, since in IBS-C the levels are low in the colonic mucosa, and
increased for IBS-D, respectively [60].

3.2 Inflammatory bowel diseases

Inflammatory bowel diseases (IBDs) are a group of chronic inflammatory disor-
ders of the gastrointestinal tract, represented by Crohn’s disease (CD) and ulcerative
colitis (UC). IBDs represent a healthcare problem globally, with increasing incidence
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and prevalence in the Western civilization [61]. Although diarrhea and abdominal
pain dominate the clinical presentation of patients with CD and UC, there are

major differences between the two disorders. In UC the inflammation is limited to

the colonic mucosal layer, it involves the rectum in almost all of the cases and it is
extended to the proximal part of the colon in a continuous fashion [62]. On the other
hand, in CD the inflammation occurs in all the layers of the gut wall and it can involve
any part of the gastrointestinal tract. The CD is typically characterized by segments
of normal appearing bowel interrupted by areas of disease [63].

The pathogenesis of IBDs is not yet completely understood, however, genetic,
environmental, and immunologic factors and an altered gut microbiota have been
demonstrated to play key roles in the development of IBDs [63, 64]. Recent studies
suggest that IBD is possibly caused by the improper functionality of the immune sys-
tem, but also by a pronounced dysbiosis accompanied by modifications in its metabo-
lome [65, 66]. Adult patients with CD showed decreased amounts of Faecalibacterium
prausnitzii and high amounts of E. coli, while Clostridium clusters XIVaand IV are
shown to be decreased in patients showing CD recurrence after surgery [67, 68].

When comparing healthy volunteers to patients with IBD, researchers have observed
that IBD patients had lower Trp levels in both serum and fecal samples [69, 70].

Experimental animal studies demonstrated that Trp is responsible for the expres-
sion of secretory immunoglobulin A (sIgA) and p-defensins [71]. A decreased level
of Trp is followed by a production of inflammatory interleukins in the immune cells,
such as IL-10 and transforming growth factor-p (TGF-f) [72]. It was demonstrated
that IBD has an early onset if a functional deficient mutation in the IL-10 gene is
present [73].

IBDs are known to be characterized by a pro-inflammatory state with increased levels
of pro-inflammatory cytokines, such as tumor necrosis factor-a (TNF-a), interleukin-12
(IL-12), interleukin-17 (IL-17), and IFN-gamma [74]. These cytokines can enhance
the kynurenine pathway by inducing IDO expression, thus leading to higher levels of
Trp metabolites [31]. A meta-analysis of the transcriptome and a systematic review of
the metabolome demonstrated that patients with IBD exhibit decreased Trp absorp-
tion, enhanced kynurenine pathway, altered indole pathway along, and altered indole
pathway with decreased Trp plasma levels. In addition, the authors identified increased
expression levels of aryl hydrocarbon receptor (AhR), which is a ligand-activated tran-
scription factor [75]. AhR plays a key role in maintaining gut homeostasis (Figure 2).
The activated Trp-AhR pathway modulates cell renewal and turnover, induces expres-
sion of IL-10 receptors and tight junctions in intestinal epithelial cells, thus promoting
intestinal barrier integrity and helping to regulate tissue regeneration [76].

Several Trp metabolites, such as kynurenine, 5-HT, XA, and KA have the capacity
to bind to AhR and activate it leading to expression of cytokines such as interleu-
kin-22 (IL-22) and IL-17 [22].

One study showed that the Trp metabolites XA and KA have been negatively
correlated to inflammation not only in colitis mice models but also in humans with
IBD. Lower XA and KA levels have been linked to clinical, biological, and endoscopic
markers of disease activity and to a higher expression of pro-inflammatory cytokines.
The authors demonstrated that XA and KA have an anti-inflammatory role and that
increasing XA and KA levels could represent a promising new therapeutic approach
for IBD patients [77].

Moreover, the gut microbiota plays a key role in the kynurenine pathway metabo-
lism and IBD pathophysiology due to its ability to metabolize Trp via the indole
pathway. In other words, dysbiosis can alter the kynurenine pathway and promote
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indole-3-acetic acid) bind to AhR on immune cells and stimulate the production of Il-10 and IL-22. AhR- aryl
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Created with BioRender.

inflammation in IBD [78]. Recent studies have identified a number of substances that
could regulate Trp metabolism. Ginsenoside Rgl, a natural compound, showed prom-
ising results in colitis model mice, alleviating inflammation by regulating several
microbiota metabolic pathways, including reducing the levels of Trp metabolites [79].
Fucose administration increased the levels of Trp-producing E. coli and thus normal-
ized Trp serum levels [80]. Fructooligosaccharides have been shown to modulate

the gut microbial composition, by decreasing the abundance of Akkermansiaceae
(family level) and Verrucomicrobia (phylum level) and increasing the abundance of
Ruminococcaceae (phylum level), and to increase the levels of Trp and 5-HT in mice
models [81]. The Fuzhuan brick tea polysaccharide administration increased the
abundance of beneficial microbes such as Lactobacillus and Akkermansia, altered the
Trp metabolism and led to higher IA1d and IAA levels [82].

The involvement of the kynurenine pathway in inflammation has been linked to
the development and severity of IBD. Thus, targeting different parts of this metabolic
pathway could represent a new treatment strategy for treating IBD. Diets rich in foods
that contain Trp and dietary supplements containing Trp can be beneficial since there
are studies demonstrating Trp rich diets are associated with a decrease in inflamma-
tion, while Trp deficient diets have been linked to exacerbation of colitis [83, 84].
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3.3 Celiac disease

CeD is an immune-mediated inflammatory disease of the small intestine caused by
sensitivity to dietary gluten affecting genetically predisposed individuals. The global
prevalence of CeD is estimated to be around 1% based on serologic testing [85, 86].
Epidemiological studies have reported a prevalence of around 1:70 to 1:300 when
biopsy verification was added to serologic tests [87]. Both environmental (dietary
gluten) and genetic factors contribute to the pathogenesis of CeD. The high frequency
of intrafamilial incidence and the strikingly close association with the human leu-
kocyte antigen (HLA) DR3-DQ2 and/or DR4-DQ8 gene locus provide evidence for
the genetic basis of CeD [88, 89]. As early as 1964, the association between CeD and
altered Trp metabolism was demonstrated by measuring the urinary levels of several
Trp metabolites. The authors reported increased urinary levels of Trp metabolites
and low vitamin B6 levels [90]. The role of the gut microbiota was also demonstrated
in both earlier and more recent studies and increased abundance of some bacterial
strains such as Pseudomonas aeruginosa, Neisseria flavescens, and E. coli have been asso-
ciated with CeD [91-96]. Some Gram-negative genra such as Bacteroides, Prevotella,
and Escherichia, were found in increased amounts while Bifidobacteria and Lactobacilli
were found to be decreased [97].

Dysbiosis is apparently responsible for CeD with the onset in adult life and for the
cases that do not respond well to a gluten-free diet [98, 99].

Recent studies have demonstrated that the gut microbiota of CeD patients has a
reduced capacity of converting Trp into metabolites capable of activating the AhR,
leading to intestinal inflammation [97, 98]. The correlation between decreased AhR
activity and CeD is supported by several authors [99-103]. One of the mechanisms
by which beneficial bacteria could alleviate CeD is by modulating the AhR pathway.
Studies on rodent models demonstrated that treating mice with lactobacilli strains
known to produce AhR ligands such as Lactobacillus reuteri, led to increased AhR
activity in the small intestine and ameliorated intestinal inflammation [69, 97]. In
addition, a Trp rich diet was able to shift the gut microbial composition of mice
toward the increased abundance of bacteria able to produce AhR ligands such as
Lactobacillus and Ruminococcus gnavus, thus reducing gluten immunopathology [98].
Further studies should focus on identifying strain-specific probiotic treatments
and dietary approaches that could modulate the AhR pathway and improve CeD
symptoms.

4. The relationship between Trp metabolites, related gastrointestinal
disease, and weight loss

Serotonin, a neurotransmitter derived from Trp, plays a role in regulating mood
and appetite. However, the relationship between serotonin levels and weight loss is
complex and not fully understood. While serotonin itself is not directly linked to
weight loss, its influence on appetite and mood can indirectly impact weight manage-
ment [18].

The relationship between serotonin and weight is complex and can involve various
factors. Serotonin is known to contribute to feelings of satiety and fullness [104, 105].
Low serotonin levels have been associated with an increased appetite and cravings for
carbohydrate-rich foods [106]. Some individuals may engage in emotional eating to
boost serotonin levels, especially during periods of stress or low mood [107].
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Changes in serotonin levels can influence mood, and mood disturbances may
affect eating habits. For example, people with depression may experience changes in
appetite, leading to weight gain or loss [108]. Certain medications, such as selective
serotonin reuptake inhibitors (SSRIs), which are commonly prescribed for the treat-
ment of depression and anxiety, can affect serotonin levels. Some individuals may
experience weight changes as a side effect of these medications [108].

The link between gastrointestinal diseases and weight loss has been studied from
several points of view and will be detailed in the following paragraphs as stated in the
literature.

IBD can affect the absorption of nutrients in the intestines [109]. Chronic inflam-
mation and damage to the intestinal lining can impair the body’s ability to absorb
essential nutrients, leading to malabsorption. This malabsorption can result in weight
loss and nutritional deficiencies [110].

Symptoms of IBD, such as abdominal pain, diarrhea, and nausea, can contribute
to a reduced appetite. Individuals with IBD may experience discomfort or pain during
or after eating, leading to a decrease in food intake and subsequent weight loss [110].

The chronic inflammation associated with IBD can increase the body’s metabolic
rate. This increased demand for energy, coupled with malabsorption, can contribute
to weight loss, even when individuals are not intentionally restricting their calorie
intake [111].

The inflammation and other factors associated with IBD can lead to changes in
body composition, including muscle wasting and loss of fat tissue. This can con-
tribute to overall weight loss and weakness [111]. The severity of IBD symptoms
can vary, and individuals may experience periods of flare-ups with more intense
symptoms. During flare-ups, the impact on weight loss may be more pronounced
[112]. It’s important to note that weight loss in IBD is often unintentional and can
be a sign of underlying disease activity [113]. Managing IBD involves a multidisci-
plinary approach, including medical treatment, nutritional support, and lifestyle
modifications.

IBS is different from IBD, and it is essential to distinguish between the
two conditions. Unlike IBD (Crohn’s disease and ulcerative colitis), IBS is a func-
tional gastrointestinal disorder characterized by symptoms such as abdominal
pain, bloating, and changes in bowel habits without evidence of inflammation or
damage to the digestive tract [60]. In general, IBS is not typically associated with
significant weight loss. Weight loss is usually not a primary symptom of IBS, and
any changes in body weight are more likely to be subtle or unintentional. However,
there are a few indirect ways in which IBS might be linked to changes in weight
[114].

Individuals with IBS may make changes to their diet to manage symptoms, such as
avoiding certain trigger foods. This modification in dietary habits could potentially
impact calorie intake and, in some cases, lead to weight changes [115].

Some people with IBS may experience symptoms such as diarrhea or abdominal
pain that can affect their appetite or eating patterns. While this might not necessar-
ily lead to significant weight loss, it can contribute to fluctuations in body weight
[116]. IBS symptoms are known to be influenced by stress and psychological factors.
Stress-related changes in eating patterns or behaviors may indirectly impact weight
[117, 118]. It’s important to emphasize that IBS is a chronic condition, and its symp-
toms can vary widely among individuals. While weight loss is not a primary charac-
teristic of IBS, other gastrointestinal conditions or non-gastrointestinal factors could
contribute to changes in body weight.
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CeD is an autoimmune disorder characterized by an intolerance to gluten, a pro-
tein found in wheat, barley, and rye [119]. The ingestion of gluten triggers an immune
response in individuals with CeD, leading to inflammation and damage to the lining
of the small intestine. This damage can result in malabsorption of nutrients, affecting
various aspects of health, including body weight [119].

The relationship between CeD and weight loss is often observed due to a
number of factors. The damage to the small intestine in CeD impairs the absorption
of essential nutrients, including proteins, fats, carbohydrates, vitamins, and miner-
als. This malabsorption can lead to nutrient deficiencies, contributing to weight
loss [110].

Individuals with CeD may experience symptoms such as abdominal pain, bloating,
diarrhea, and nausea. These symptoms can affect appetite and food intake, leading
to reduced caloric consumption and subsequent weight loss. Chronic diarrhea isa
common symptom of CeD. Frequent bowel movements can result in fluid loss and
contribute to weight loss [120]. The inflammation in the small intestine associated
with CeD can increase the body’s metabolic rate, causing an elevated demand for
energy. This increased metabolic activity, combined with malabsorption, can lead to
weight loss [119]. In severe cases of untreated CeD, the body may start to break down
muscle tissue for energy, contributing to muscle wasting and additional weight loss
[121].

It’s important to note that while weight loss is a common symptom of CeD, not
everyone with the condition experiences this. Some individuals with CeD may have
atypical or minimal symptoms, making diagnosis challenging.

The treatment for CeD involves strict adherence to a gluten-free diet, which typi-
cally leads to the resolution of symptoms and the restoration of a healthy body weight.
Early detection and adherence to a gluten-free diet can help manage symptoms and
prevent complications associated with CeD [122].

5. Future perspectives

To date, several studies focused on the importance of the gut microbiota, this
“virtual symbiotic organ” that clearly interferes with many metabolic and immune
functions in our organism. The human health and disease state are depending on the
microbial metabolites resulted by host-microorganism or microorganism — microor-
ganism interactions at gut level [107]. The complete understanding of the gut micro-
biota complexity and the possibility to manipulate the microbes as future therapeutic
strategy will open new perspectives regarding our understanding of gastrointestinal
and psychiatric pathologies. An appealing approach for the patients associating
depression or anxiety that usually accompany IBS, IBD, or CeD is provided by the
administration of probiotics and/or prebiotics [108]. Some other diseases involving
the gut-microbiota-brain axis, such as anorexia nervosa apparently produced by
changes in dietary intake and pre-morbid gut microbiota changes might benefit of the
use of probiotics [109]. We mentioned here anorexia nervosa because there are many
similarities between this eating disorder and the above-mentioned gastrointestinal
diseases and mental health disorders [110].

The probiotics rich in Lactobacillus and Bifidobacteria species, nowadays known
under the term “psychobiotics” may be capable of modulating the brain-gut-micro-
biota axis improving mood, anxiety, and cognition [111]. The advance in microbiome
and psychiatric research is still at the beginning and hold promise for the future.
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Acronyms and abbreviations

AA anthranilic acid

ALAAD aromatic L-amino decarboxylase,
ALDH aldehyde dehydrogenase

AhR aryl hydrocarbon receptor
CD Crohn’s disease

CeD celiac disease

CNS central nervous system

ENS enteric nervous system

IA anholocyclic acid

IAAld indole-3-acetaldehyde

IAld indole-3-aldehyde

IBD inflammatory bowel disease
IBS irritable bowel syndrome
IDO indoleamine 2,3-dioxygenase
IL-8 interleukin-8

IL-12 interleukin-12

IL-17 interleukin-17

ILA indole-3-lactic acid

IPA indole-3-propionic acid

IPYA indole-3-pyruvic acid

KA kynurenic acid

KMO kynurenine-3-monooxygenase
MAO monoamine oxidase

NAD* nicotinamide adenine dinucleotide
NMDA N-methyl-D-aspartate

QA quinolinic acid

sIgA immunoglobulin A

TDO tryptophan 2,3-dioxygenase
TGF-p transforming growth factor-p
TNF-a necrosis factor-o

TPH tryptophan hydroxylase

UC ulcerative colitis

XA xanthurenic acid

3-HAA 3-hydroxyanthranilic acid
3-HK 3-hydroxykynurenine
5-HIAA 5-hydroxyindoleacetic acid
5-HT 5-hydroxytryptamine

5-HTP 5-hydroxytryptophan
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Abstract

Tryptophan is an essential amino acid. It is metabolized through two main
pathways: the kynurenine pathway and the methoxyidol pathway. The intestinal
microbiota has been identified as a modifier of the metabolism of tryptophan and its
derived metabolites. The resulting metabolites can trigger immune, metabolic, and
neuronal effects, at the systemic and distant levels, as well as therapeutic specific and
nonspecific targets. The reader reviewing this content will learn the importance of
tryptophan biotransformation through metabolism and the host-microbiome com-
plex, the formation of serotonin and kynurenine, the pathways of unwinding and the
physiological effects of metabolites within the intestinal part, energy metabolism and
neurotransmitters. The effects and pathologies that dysregulation may have with this
metabolism will be reviewed, as well as the therapeutic targets and related drugs.

Keywords: gut microbiome, tryptophan metabolism, therapeutic strategies,
microbiota-gut-brain axis, probiotics

1. Introduction

The intestine is an ecosystem harboring a dense and diverse microbial community
called “gut microbiota” considered an endocrine organ. Many of the effects are medi-
ated by metabolites that are either produced by microbes from the transformation of
environmental or host molecules.

L-tryptophan is an amino acid that has emerged as a critical player in the
microbiota-gut-brain axis. It is the only precursor for the neurotransmitter serotonin,
contributes to the normal grown and health of both animals and humans.

The intestinal microbiota influences the metabolism of tryptophan, specific to
microbial control over the kynurenine pathway and the indole pathway, which are
important for host physiology. These metabolites participate in processes such as
immune system regulations, regulations of metabolism, gastrointestinal motility,
inflammation, and oxidative and anti-oxidative effects. Deciphering the complex
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equilibrium between intestinal microbiota and tryptophan metabolism will facili-
tate the understanding of the diversity of pathogenesis of human diseases and new
therapeutic opportunities.

2. Microbiota-gut-brain axis: tryptophan metabolism

The human gut microbiota plays an essential role in host health and physiology.
Its colonization begins in the earliest moments of life after birth. It is composed of
microorganisms such as bacteria, viruses, fungi, yeasts, and bacteriophages [1, 2].
Throughout one’s lifespan, the composition of the microbiota can be influenced by
various factors, starting with the type of birth delivery, nutrition, antibiotic expo-
sure, inflammation, aging, psychological stress, and lifestyle [1, 3].

As mentioned earlier, the gut microbiota influences multiple physiological
processes, including digestion, metabolism, the balance between host defense and
immune tolerance, pathogen resistance, epithelial cell proliferation and differentia-
tion, insulin resistance, as well as the behavioral and neurological functions of the
host [4, 5]. This last effect is particularly associated with bidirectional gut-brain inter-
actions, better known as the gut-brain axis (GBA). The GBA facilitates communica-
tion between the central nervous system (CNS), the enteric nervous system (ENS),
and the gastrointestinal (GI) tract (Figure 1) [6, 7]. Given the significance of GBA,
numerous studies have been conducted to characterize the molecular and functional
connections between the gut and the brain. Currently, the most extensively docu-
mented network is between the CNS, ENS, and the hypothalamic-pituitary-adrenal

Gut-brain axis

Brain Gastrointestinal tract

Central nervous system Vagal afferent nerves =~ ) 3 @
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Figure 1.

The gut-brain axis (GBA). Schematic representation of the bidirectional crosstalk between the central nervous
system (CNS), the enteric nervous system (ENS), and the gastrointestinal (GI) tract. Vagal efferent and afferent
nerves send signals reciprocally between the brain and the gut. Enterochromaffin cells produce and velease
serotonin (5-HT- 5-hydroxytryptamine) into the gut. Created with BioRender.com.
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axis. The ENS resides in the intestinal wall, and its communication with the CNS
occurs through neuroimmune and neuroendocrine signaling, mediated by the vagus
nerve [8, 9].

The vagus nerve is the longest cranial nerve and is considered the main component
of the parasympathetic nervous system; it sends information about the state of the
inner organs to the brain and is involved in the control of multiple functions such
as immune response, digestion, heart rate, endocrine functions, the mood, among
others. The vagus nerve is crucial to the brain-gut axis since establishes the connec-
tions between the brain and the gastrointestinal tract; vagal efferents send the signals
from the brain to the gut and the vagal afferents from the intestinal wall to the brain.
The vagal afferent pathways are involved in the regulation of the hypothalamic-pitu-
itaryadrenal (HPA) axis, and in conjunction allow the brain to influence the activities
of intestinal functional effector cells (immune cells, epithelial cells, enteric neurons,
smooth muscle cells, interstitial cells of Cajal, and enterochromaffin cells) [9-11].
Enterochromaffin cells (ECs) are the most abundant enteroendocrine cell type in the
intestinal epithelium, their arrangement in the colon lets them be in direct contact with
gut microbiota, as well as with the afferent and efferent nerve endings (Figure1). Its
importance resides in its ability to produce, store, and release serotonin in the gut. They
produce 90% of the serotonin in the body, which is essential for intestinal motility,
platelet function, immune response, and bone development [11-13]. Recently, Dodds
etal. [13] developed an iz vivo anterograde tracing technique to study the spatial rela-
tionship between nerve endings and their proximity to specific cell types in the inner
surface of the gastrointestinal tract. Their findings suggest that colonic 5-HT-containing
EC cells release neurochemical substances to activate afferent nerves likely via diffu-
sion, which then relay this sensory information to the spinal cord and brain [13].

21 Tryptophan

Tryptophan (Trp) is an aromatic amino acid that in humans is obtained exclu-
sively by the diet since its biosynthesis is performed in bacteria and plant cells.
Although Trp can be metabolized in mammals, microorganisms, and plants, they use
different metabolic pathways and produce a vast diversity of metabolites. In mam-
mals, the kynurenine pathway is the most used to degrade it, and only a small propor-
tion is metabolized into serotonin (5-HT, 5-hydroxytryptamine); as the precursor
of these metabolites, Trp is considered a key player in the microbiota-gut-brain axis
since these neuroactive compounds are involved in depression and other neuropsy-
chiatric disorders [14, 15].

2.2 Kynurenine pathway

Almost 90% of total tryptophan is oxidized to kynurenine across the kynurenine
pathway. The initial enzymes of this pathway are the indoleamine-2,3-dioxygenase
(IDO) and tryptophan 2,3-dioxygenase (TDO) both of which are responsible for
converting tryptophan into kynurenine (Figure 2). IDO is present in various organs
(brain, GI tract, and liver), and it is typically activated in response to immune stimuli.
In contrast, TDO is predominantly expressed in the liver, and its activity depends on
tryptophan’s availability. Inflammation plays a central role in IDO and TDO activa-
tion since IDO is stimulated by proinflammatory cytokines, particularly interferon
gamma, and TDO is stimulated by glucocorticoids. On the other hand, kynurenine
can be transformed into two different precursors: kynurenic acid and quinolinic acid.
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Tryptophan metabolism host and microbial tryptophan catabolites. Modified from Roth et al. [14]. Overview

of the different tryptophan pathways. Microbes degrade tryptophan in the human gut. CNS, central nervous
system; EC, Enterochromaffin cells; sHIAA, 5-Hydroxyindolacetic acid; MAO, monoamine oxidase; IDO,
indoleamine 2,3-dioxygenase; TDO, tryptophan 2,3-dioxygenase; 3HAA, 3-Hydroxyanthranilic acid; 3HK,
3-Hydroxykynurenine; XA, Xanthurenic acid; NAD, nicotinamide adenine dinucleotide; IPYA, indole-3-pyurvic
acid; ILA, indole-3-lactic acid; IA, indole acrylic acid; IPA, indolic-3-propionic acid; IAM, indole-3-acetamide;
IAA, indole-3-acetic acid; 1Ald, indole-3-aldehyde; IAAld, indole-3-acetaldehyde. Created with BioRender.com.

These metabolites are neuroactive and stimulate N-methyl D-aspartate (NMDA) and
alpha-7 nicotinic receptors. Its effects are contrasting, whereas kynurenic acid may
act as an anti-inflammatory molecule with neuroprotective features, quinolinic acid is
excitotoxic [6, 16].

2.3 Serotonin pathway (CNS and enterochromaffin cells)

The serotonin or 5-HT pathway is also crucial to human physiology as this neu-
rotransmitter influences physiological and behavioral functions such as cognitive and
emotional processes, autonomic control, and circadian rhythm. 5-HT acts not only in
the CNS but also has various effects externally. For example, it regulates GI and heart
rate regulation and mammary gland development, and more recently, potential roles
beyond being a neurotransmitter have been reported. The latest studies have revealed
that 5-HT can regulate neuronal growth and differentiation during early brain devel-
opment. Additionally, it has been reported that 5-HT can undergo serotonylation, a
mechanism in which covalent bonds are formed with certain substrate proteins, such
as histones, giving rise to a class of histone posttranslational modifications that play
important roles in regulating neuronal transcriptional programs [15, 17].

5-HT is a monoamine that can be synthesized in the brain and gut by two iso-
forms of Trp hydroxylase (TPH). In the brain, TPH2 catalyzes 5-HT conversion in
monoaminergic neurons (central 5-HT); it represents only a small proportion of the
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body’s total 5-HT. In contrast, peripheral 5-HT (the most abundant) is produced by
ECs across TPH1. After 5-HT synthesis, it can be metabolized to form melatonin or
5-hydroxyindoleacetic acid (5-HIAA) and the major 5-HT metabolite (Figure 2).
Normally, 5-HT cannot cross the blood-brain barrier, so there are differences in the
availability of serotonin along the GBA [6, 17].

2.4 Indole pathway and microbial tryptophan catabolites

Most proteins are digested and absorbed in the small intestine; however, increased
protein intake lets a significant amount of these proteins and amino acids reach the
colon, where a wide range of commensal bacteria triggers their catabolism. Trp is
metabolized into indole and indole derivatives (indole-3-aldehyde (IAld), indole3-
acetic-acid (IAA), and indole-3-propionic acid (IPA)) (Figure 2). Gram-negative and
Gram-positive bacterial species, such as Escherichia coli, Clostridium sp., and Bacteroides
sp., can activate the enzyme tryptophanase (TnaA) to form indole. In the case of its
derivates, some species such as Clostridium sp., Bacteroides sp., and Bifidobacterium
sp. can form IAA from indole-acetamide. The intermediate indole3-lactic acid (ILA) is
produced by Lactobacillus sp. and Bifidobacterium sp., which is transformed into IPA by
bacteria, such as Clostridium sp. and Peptostreptococcus sp. [6, 18].

Recent advances have suggested that microbiota-derived tryptophan catabolites
are crucial for maintaining intestinal homeostasis, and several mechanisms have been
described (Figure 3). Indole, IPA, and IA can influence gut cells, reducing intestinal
permeability and thus affecting mucosal homeostasis. On the other hand, indole induces
enteroendocrine L-cells to release glucagon-like peptide 1 (GLP-1), which triggers
effects such as appetite suppression and insulin secretion, and slowed gastric emptying.
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Figure 3.

Microbial tryptophan catabolites host effects. Modified from Roager and Licht [19]. IA, indole acrylic acid; IPA,
indolic-3-propionic acid; IAA, indole-3-acetic acid; IAld, indole-3-aldehyde; 5-H'T, 5-hydroxytryptamine; GLP-
1, glucagon-like peptide 1; AHR, aryl hydrocarbon receptor; IS, indoxyl sulfate. Created with BioRender.com.
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Additionally, some catabolites stimulate intestinal immune cells via the aryl hydro-
carbon receptor (AHR), leading to increased production of interleukin-22 (IL-22).
Furthermore, enterochromaffin cells can release 5-HT through tryptamine induction,
consequently stimulating enteric neurons and enhancing gastrointestinal motility. In
the bloodstream, certain tryptophan catabolites, such as IPA and IA, have anti-oxidative
and anti-inflammatory effects. In addition, IPA and its precursors help the proliferation,
differentiation, and barrier function of human intestinal epithelial cells. In contrast,
indoxyl sulfate (IS), an indole metabolite, can have cytotoxic effects [19-21].

3. Physiological effects (hunger and satiety, intestinal health, mental
health, and insulin sensitivity)

The gut-brain axis is a bidirectional complex that maintains communication
between the central nervous system and the digestive tract. The brain integrates it, the
spinal cord, the autonomic nervous system (sympathetic, parasympathetic, and enteric
nervous systems), and the neuroendocrine and neurohumoral systems [19, 22].

The intestinal microbiota is composed of 1013-1014 microbial cells. Its distribu-
tion is 90% bacteria, predominantly Firmicutes and Bacteroidetes; the other 10%
between Actinobacteria and Proteobacteria and in smaller proportion between
Verrucomicrobes, Fusobacteria, Cyanobacteria, and nonbacterial microorganisms,
such as archaea and yeasts [23, 24].

The microbiota has four main functions:

* Metabolic function is related to the production of short-chain fatty acids (SCFA), the
balance between fatty acid oxidation and lipogenesis, and vitamin synthesis [25].

* The immunological function is related to the activation of T lymphocytes, the
production of immunoglobulins by B production of immunoglobulins by B
lymphocytes, the release of proinflammatory and immunoregulatory cytokines,
and the secretion of hormones, neuropeptides, and neurotransmitters. These
processes are triggered by the recognition of so-called pathogen-associated
molecular patterns (PMAPs) by pattern recognition receptors [25, 26].

* Physiological and barrier function consists of cell turnover, linked to apopto-
sis and maintenance of the barrier function, with components of the immune
system, hormones, and metabolites from the intestinal lumen into the blood-
stream [26, 27].

These functions are important for the production and regulation of the passage of
proinflammatory cytokines, toxins, and microorganisms into the bloodstream, which
stimulates the release of hormones, immunoglobulins, and the activation of systems,
such as the hypothalamic-pituitary-adrenal (HPA) axis with the consequent produc-
tion of cortisol and the activation of the vagal system [25, 28].

The small intestine has a layer called mucosa, which is the first line of defense,
and digests, and absorbs nutrients, electrolytes, and water. The mucosa-associated
lymphoid tissue (MALT) and the intestine-associated lymphoid tissue (GALT) are in
charge of the immune response, which is formed by lymphoid nodules and isolated
lymphocytes that generate their own response and originate innate and adaptive
(humoral) immune response and production of inflammatory cytokines, among
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them tumor necrosis factor-alpha (TNF-a) and interleukin I and 6 regulatory and
cooperator T lymphocytes [28, 29].

The large intestine acts as a selective barrier to microorganisms and participates in
conjunction with the epithelium, lymphoid tissue, and calciform cells [29].

The microbiome is formed by signaling from the microorganisms themselves
and their postbiotics called “quorum sensing,” which participate in physiological
processes. This microbiota-brain axis has been related to several homeostatic physi-
ological processes such as digestion, hunger-satiety axis, metabolism, eating behav-
iors, and neural problems. The three main related axes are immune, neuronal, and
metabolic, as seen in Figure 4 [28, 30, 31].

3.1 Metabolic effects

Signals following ingestion are transmitted to the central nervous system (CNS)
where the hypothalamus integrates signals emitted from the neuroendocrine cells
of the intestinal epithelium that sense the luminal milieu and release glucagon-like
peptide and cholecystokinin (CCK), gastric intestinal polypeptide (GIP), and pancre-
atic polypeptide (PYY) acting in a paracrine manner, which is directed to peripheral
organs. These peptides are released near afferent neurons, these send signals to the
solitary nucleus and the arcuate nucleus, and this signal is also activated by the enteric
nervous system, which is activated by the production of serotonin at the intestinal
level, by tryptophan metabolism and intraganglionic laminar endings, also the pep-
tides can go directly to the circulation and arrive directly to the solitary tract [31-33].

In the arcuate nucleus, the signals emitted by these intestinal peptides can regulate
glucose and energy homeostasis, where the orexigenic (hunger) and anoxygenic
(satiety) neurons intervene [31, 33].

Figure 4.
Effects of the microbiota-gut-axis.
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On the other hand, the vagus nerve transmits information to regulate energy
homeostasis and glucose levels. Chronic stimulation of vagal afferent pathways is known
to reduce energy intake. Glucose consumption increases this vagal signaling [34].

3.2 Effects on blood glucose

In the intestine, glucose is also formed by gluconeogenesis, which improves insulin
sensitivity. Other peptides increase glucose-6-phosphatase. Changes in the microbiota
contribute to vagal afferent desensitization. It is known that the consumption of fat in
food may also play a role in this desensitization [34, 35].

The enteroendocrine cells of the small and large intestine secrete GLP-1 and GIP,
although it is greater in the large intestine and to a greater extent GLP-1 through the
action of metabolites secreted from microorganisms (Figure 1). On the other hand,
the release of SCFA, which is a product of intestinal microbiota metabolism, induces
the release of GLP-1 by G protein-bound receptors in enterocytes [36, 37].

Additionally, GLP-1 release reduces food intake by the aforementioned mecha-
nisms. GIP acts in the pancreas by stimulating the release of insulin and neurons found
in the paraventricular nucleus so that an impairment in the production and intestinal
permeability or reduction in SCFA has been related to increased body weight, dyslip-
idemia, and increased appetite signaling as well as leptin resistance [37, 38].

More recent studies have described that tryptophan metabolism via the kineturin
pathway (quinurenine, quinurenate, xanthurenic, and quinolinate) and indolactate is
associated with the risk of developing type 2 diabetes; however, it has also been found that
the combination with indolpropionate has an inverse, that is, protective and relationship.
This metabolite is formed by the intestinal microorganism Bifidobacterium intestinal in
the consumption of foods rich in tryptophan and protein of high biological value [39].

3.3 Brain function

The microbiome can influence brain function by pathways that include the
release of neurotransmitters and neurotransmitter metabolites that modulate the
immune system and the regulation of the hypothalamic-pituitary-adrenal axis.
The enteric nervous system is connected to the central nervous system, and the
vagal nerve modulates the release of neurotransmitters such as acetylcholine,
dopamine, and norepinephrine, which additionally also affects hormone
production [40].

The gut-brain axis has been implicated in brain aging, plasticity, and cognition,
and it is known that there are four messengers involved in this brain operation:
short-chain fatty acids, branched amino acids, peptides, gut hormones, cytokines and
sensory neurons. There are four messengers involved in this brain function: short-
chain fatty acids, branched amino acids, peptidoglycans, gut hormones, cytokines
and sensory neurons [41].

Short-chain fatty acids are produced by the fermentation of gastrointestinal
microorganisms, and these act by regulating neuroplasticity, epigenetic expression,
and the immune system. Sodium butyrate improves serotonin production and behav-
ior, for example, in mice, it has decreased depression and intestinal hormones, such as
GLP-1, and GIP, not only regulate appetite but also stimulate the colonic vagal system.
Amines (such as tryptophan, and tyramine), travel through the blood system and also
affect local neurons and cells of the central nervous system and afferent pathways of
the vagus nerve [42].
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Within the production of neurotransmitters, it is known that Bacteroides,
Bifidobacterium, Parabacteroides, and Escherichia spp. produce y-aminobutyric
acid (GABA) and are important in the production of serotonin (5-hydroxytryp-
tamine 5-HT); most of this component is produced in the intestine, and although
it does not affect the amount of serotonin in the brain and does not cross the
blood-brain barrier, it has been shown that it does have a modulatory role in the
5HT signaling pathways in the brain. The mechanism is not yet fully elucidated;
however, it is known that cells of the innate immune system such as dendritic
cells, monocytes, and mast cells express serotonin receptors and transporters.
Something similar occurs in the adaptive system and any blood cell except eryth-
rocytes. Therefore, SHT regulates inflammation and chemotaxis, in addition to
the fact that practically all organs and cells have one or more serotonin receptors
[42, 43].

The microorganisms that can lead to the production of metabolites that interact
with the nervous system are:

Lactobacillus reuteri regulates oxytocin levels, and Lactobacillus vhamnosus regu-
lates and produces GABA, which in mice regulates anxiety. Bifidobacteria longum
has been linked to increased neuronal neuroplasticity. Bifidobacteria fragilis by its
reduction of 4-ethylphenylsulfate modulates anxiety [43, 44].

As mentioned above, this relationship is bidirectional and there are factors such as
stress that activate the HPA system, which releases corticotropin-releasing hormone
into the bloodstream, or the brain, which releases adrenocorticotropic hormone and
cortisol, which affects the intestinal barrier. There are also immunomodulators and
neurotransmitters that activate neurons in the intestinal system and the vagus nerve,
which in turn changes the composition of the microbiota [43, 45].

4. The intestinal microbiota as a modifier of tryptophan metabolism:
dysregulation and associated pathologies

As mentioned earlier, the composition of the microbiota can be influenced by age,
sex, genetics, geography, probiotics, race, stress, smoking, diet, medication (espe-
cially antibiotics), or gastrointestinal infections. These differences can alter availabil-
ity and tryptophan metabolism and be associated with various pathologies [14, 46].

The luminal tryptophan availability is influenced by microbial tryptophan
metabolism. Restrictive diets, low in protein or essential amino acids, in addition
to causing anorexia and weight loss [10, 47, 48], can reduce microbial prolifera-
tion (Lactobacillus) and through dietary intake improve microbial metabolism and
increase Indol 3-aldehyde (IAld). In animal models, high-fat diets deplete microbial
metabolites of indole-3-acetic (IAA) acid and tryptamine, indicating that microbial
degradation is diminished. Formula milk alters serotonin to tryptamine metabolism.
A diet rich in carbohydrates the microbial metabolism of tryptophan is affected,
indigestible carbohydrates (starch) facilitate the production of (SCFAs), and reduce
the degradation of tryptophan and Indole compounds, in addition to the increase in
tryptophan levels in the large intestine and serum [6].

Oral antibiotics modify the composition and metabolism of the IM, in case of
depletion, serotonin levels are reduced, the colon motility is delated, the kynurenine
pathway is affected, and the availability of Trp is increased [6, 49]. In addition to the
administration antibiotics increase the levels of indol and compounds in the large
intestine [49].
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4.1 Inflammatory bowel disease and irritable bowel syndrome

Among the diseases mort linked to the IM inflammatory bowel disease, patients
with ulcerative colitis and Crohn’s disease, and tryptophan levels in serum are lower
than healthy controls, this suggests that changes in metabolism are involved in the
etiology of inflammatory bowel disease. Metagenomic analysis of tool samples
areduction of intestinal microorganisms involved in Trp in addition to a lower
production of ligands AHR observed [14]. The increase in the catabolism of Typ in
intestinal immune cells is associated with impaired ability to degrade Typ limiting
the bioavailability of beneficial indole derivatives and contributing to the severity
of the disease [50].

Irritable bowel syndrome is characterized by abdominal pain and changes in bowel
habits. Kynurenine to Trp levels have been shown to be increased in plasma. The
composition of the gut microbiota may play an important role in pathogenesis since
bacterial abundance and brain connectivity are different in healthy controls [6].

4.2 Alzheimer disease

There is evidence of the influence of Trp metabolites, the IM, and the neuro-
inflammatory process associated with Alzheimer’s disease (AD) [51]. In patients
with AD, a significant difference has been found in the taxonomy of the intestinal
microbiota with a predominance in the decrease of Fermicutes and Actinobacteria
in addition to an increase in Bacteroidetes species, compared to agematch control
patients. Another study reported that patients with AD had reduced circulating Trp
levels and elevated kynurenine/TPH ratios, it is also associated with greater cognitive
impairment and elevated proinflammatory cytokines [51].

4.3 Parkinson disease

Current evidence suggests that the microbiota is involved in the pathogenesis
through inflammatory neurotoxicity. The abundance of Bacteroidetes in this type
of patient correlates with the clinical severity of motor symptoms and high levels of
proinflammatory TNFa and INFy. Verrucomicrobia is associated with higher levels of
INFy and possible interaction with metabolites of IDO and Trp. Parkinson’s disease
patients have elevated proportions of kynurenine/TPH in plasma, as well as reduced
KAT activity relative to control patients [14].

4.4 Multiple sclerosis

Analysis of stool from multiple sclerosis patients showed an increase in
Methanobrevibacter and Akkermansia, as well as a decrease in Butyricimones com-
pared to control patients. Patients have reduced circulation of the aryl hydrocarbon
receptor of tryptophan hydrolase metabolites, indicating a metabolic dysregulation in
pathogenesis [14].

4.5 Migraine

Clinical studies focusing on intestinal microbial changes in migraine patients have
shown that intestinal dysbiosis worsens migraine pain in a TNFa-dependent process.
The analysis of fecal samples of elderly women showed elevation of Firmicutes,
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especially of the Clostridium species, compared to the control group of the same age.
In addition, Kynurenine metabolites have also been found to be elevated in this same
group of patients [14].

4.6 Anxiety and depression

Serotonin is widely studied in anxiety and depression. In susceptible popula-
tions, such as older adults, a decrease in plasma tryptophan concentration may
cause mood changes. It has been observed that decreased Trp levels and a higher
ratio of kynurenine to Trp in plasma are associated with depression [6]. There is
evidence of the role of the intestinal microbiota in the onset and clinical phenotype
of this type of disorder. It has been observed that depression affects the HPA axis,
neurotransmitter levels, and the inflammatory process are affected [52]. A study
in mice revealed that in chronic sleep restriction stress, and these animals had
depressive behavior, strong activation of the Kyn pathway, and IDO in the brain
and gut. In germ-free mice, more anxious behavior has been observed in contrast
to conventionally bred mice. Even with microbial repopulation after weaning, the
behavior was not easily reversible, which is why it is described as a critical period
during which the gut microbiota can aid psychological development [6]. In addi-
tion, children born overweight and overweight mothers have been observed to show
higher scores of anxiety, shyness, and depression, correlated with the abundance of
Actinobacteria and Fusobacteria [53].

4.7 Autism spectrum disorder

Autism spectrum disorder (ASD) is a disorder characterized by social and behav-
ioral impairment. In addition to neurological symptoms, the patient often suffers
from gastrointestinal abnormalities. Some microbial species have been linked to the
pathogenesis of this disease; symptoms have been linked to a reduction of Pretovella,
Coprococcus, Veillonellaceae, and Bracteroides fragilis and a reduction in the availability
of TPH [6, 14].

4.8 Cerebrovascular disease

Tryptophan metabolites may influence the development and severity of cere-
brovascular disease. It has been observed that in stroke patients, there is a positive
correlation between the kyn/Trp ratio and the severity of stroke. Patients with acute
ischemic stroke metabolic profiles showed elevated levels of serum lactate, carbonate,
and glutamate, in addition to lower levels of Try and other amino acids [14].

The IM has been studied in animal models, such as stroke patients, and the
microbial diversity has been observed to collapse after ischemic stroke metabolic
in the days after stroke onset. Gut dysbiosis contributes additionally to the patho-
genesis of stroke risk factors such as diabetes mellitus, hypertension, obesity, and
metabolic syndrome [14].

4.9 Metabolic disorder

The IM plays a fundamental role in the metabolic balance of the host. It is now
known that the intestinal IM is involved in the pathogenesis of metabolic disorders
[50]. Metabolic disorders represent a group of interrelated pathological conditions
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that combine obesity, dyslipidemia, glucose intolerance, insulin resistance, hyperten-
sion, and diabetes mellitus, which, as mentioned above, increase the incidence of
cardiovascular disease and increase mortality [54].

Specific classes where IM-derived metabolites, such as bile acids, branched-chain
amino acids, Trp metabolites, and indole derivatives, have been implicated in meta-
bolic disorders [50].

Cross-sectional studies have shown that tryptophan catabolism is altered in
individuals with obesity and metabolic syndrome, and kynurenine/tryptophan ratios
of blood concentrations are elevated in obese, metabolic syndrome, or hyperuricemia
patients compared to healthy controls. In addition, kynurenine/tryptophan ratios
correlate positively with BMI, triglyceride, and uric acid levels [50].

In a cohort study of diabetic patients, kynurenine levels were found to be posi-
tively associated with BMI and a higher HOMAZ2 insulin resistance index. Another
study focused on alterations in plasma and fecal levels of Trp catabolites found that
plasma levels of kynurenine were higher in obese or type 2 diabetic subjects than in
control patients. In addition, in feces, a change in Trp catabolism toward kynurenine
and lower production of indole-3-acetic acid were observed in obese and diabetic
patients without treatment. Rationale suggests increased intestinal IDO1 activity and
inhibition of the microbial indole pathway [50, 54].

Alterations in Tpy levels have also been observed in older adults with diabetes mel-
litus with aging, and the composition and function of adipose tissue changes, leading
to insulin resistance. There are also cellular changes such as mitochondrial dysfunc-
tion, antioxidant deficiency, inflammation, and decreased immune response, changes
that affect the Kyn pathway. It has also been observed that adults over 65 years of age
have lower Tpy levels than younger groups [55].

Carcinogenesis is related to immune status and environmental factors, among
them the intestinal microbiota and its metabolites, the bacterial metabolites of Trp
play a role in the development of several types of cancer [54]. Under physiological
conditions and as a defense mechanism, local inflammation depletes Tpy, which
limits the growth of microbes and the proliferation of malignant cells. Under tumor
conditions, the degradation of Trp and the accumulation of its metabolites increases,
suppressing the tumor’s immune response as a defense mechanism [56].

Between 16 and 20% of cancers are the result of pathogenic infections. Patients
with Crohn’s disease harbor pathogenic Escherichia coli that contributes to a proin-
flammatory state, changes in IDO1 expression, and cell proliferation. In some types of
cancer (breast and colon), a significant increase in Kyn has been observed compared
to healthy controls [57].

Trp catabolism exerts immunosuppressive actions in many types of cancer. Aryl
hydrocarbon receptor activation in myeloid cells promotes an immunosuppressive
tumor microenvironment and facilitates pancreatic ductal adenocarcinoma growth.
In gastrointestinal, lung, melanoma, prostate, and pancreatic cancers, over-activation
of the Kyn pathway, particularly IDO, predicts a bad prognosis [54].

4.10 Dermatological disorders

The skin and the intestine have similar characteristics with microorganisms that
regulate their function and use of metabolites. Of the main related reactions, it has
been demonstrated that the immune inflammation is caused by leukocytes, keratino-
cytes, macrophages, neutrophils, and T cells that increase inflammation and psoriasis
by releasing proinflammatory cytokines. The gut axis and gut microbiota are the
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key elements of the gut-brain-skin axis and play an important role in the association
between psoriasis and depression.

It has also been found that abnormal induction of the Kyn pathway is associated
with dermal fibroblast infiltration and the release of inflammatory interleukins.
Physiologically the skin microbiota degrades host tryptophan to regulate inflamma-
tion via the indole pathway; however, with dysbiosis, this activity is impaired [58].

5. Therapeutic strategies

The intestinal microbiota IM develops numerous metabolic processes. It needs to
maintain an adequate state in its composition and functions (eubiosis) to maintain
its state of health [8]. The genetic diversity of microbial communities determines a
large number of enzymes and biochemical pathways, which are modified according
to the conditions of the host, even in severe pathological states, such as cancer [59].
Its metabolic function makes it a therapeutic target when it is altered (dysbiosis).

The advances achieved in the sequencing 16S rRNA, metagenomics, proteomics, and
transcriptomics, allow to know its composition and functions, providing criteria with
therapies according to the existing pathology [31, 60].

The intestinal microbiota, in our gut, plays a critical role in maintaining our
overall health. It is responsible for various metabolic processes and must remain in a
healthy state to ensure that we stay healthy. The diversity of microbial communities
in our gut determines the many enzymes and biochemical pathways that are present,
and these can be altered in response to the host’s condition, even in severe cases such
as cancer. When the microbiota is altered, it can become a therapeutic target, and
advances in sequencing and analysis have allowed us to better understand its compo-
sition and functions. With this knowledge, we can develop targeted therapies that are
tailored to the patient’s specific needs [31].

5.1 Intestinal microbiota as a therapeutic target

The therapeutic targets at this level are numerous due to the complexity of
existing microorganisms, whose influence and role within MI are increasingly
found. This forces us to search for the best possible scenario to acquire knowledge
of its importance and role played in health (eubiosis) and an alternative in disease
management (dysbiosis), as well as an adequate perspective of its disease preven-
tive capacity [61]. Because the modifications of microorganisms and their genes
and enzymes affect the metabolism of the nutrients and substances that enter, they
give rise to metabolites in an inappropriate way that leads to multiple pathologies.
The relationship between metabolites/products is known as the microbiome since
it implies genetic participation [31]. The study of dysbiosis is so important that spe-
cific databases have been developed since 2018, where every time new microorgan-
isms, related diseases, or metabolites are registered; they are automatically added to
these data [62]. It is expected that the use of microbes in genetic form will achieve
disease preventive effects. In studies carried out, some metabolites exhibit the
ability to potentiate other drugs by enhancing their beneficial effect, for example,
for chemotherapeutic agents in the pancreas and ovary. Every day advances in the
knowledge of therapeutic targets to restore not only the alteration of the beneficial
and commensal species specific to the individual but also their capacity for partici-
patory microbiome [61, 63].
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In dysbiosis, strategies have been applied to restore the native microbiome. These
range from fecal microbiota transplantation (FMT), and the use of pre, pro, and syn-
biotics to the use of new biotechnological drugs with inhibition of enzymes involved
in the metabolism of such essential substances as tryptophan [19]. Other alternatives,
both natural, traditional, and pharmacological medicines with synthetic biology are
also studied [61, 64].

Genetic engineering offers the possibility of generating molecules, antitoxins,
bacteriophages, peptides, and microbial metabolites, but most studies have been
carried out in rodents. At the moment, the pharmaceutical industry is conducting
studies at different phases of research with encouraging results based on well-
established knowledge [65]. So, certain bacterial types are found to improve diseases,
where Christensenella sp. has been used and defined to reduce anxiety and depres-
sion, Akkermansia muciniphila in metabolic disorders, Lactobacillus johnsonii, which
protects against cancer, and Bifidobacterium longum reduces the severity in Crohn’s
disease and restores the mucus layer [61]. In the management of the MI — microbi-
ome, three things are intended: increase its quantity, decrease it, or modulate it [66].

5.2 Increase the amount of gut microbiota

It involves directing the benefits of the host-microbiome interaction by adding
strains of microbes that are diminished. They can be individual strains or a group of
them. The microbes used can be natural or genetically modified to produce therapeu-
tic molecules. It can be with probiotics or fecal microbiota transplantation (FMT).

FMT, in general, involves the therapeutic administration of healthy microbial
populations to replace disease-causing ones. There are different types of selection,
preparation, and management for FMT found in the literature. The main diseases that
have responded adequately to FMT are listed: Clostridium difficile infection; recurrent
Clostridium difficile infection; irritable bowel syndrome; insulin resistance; recurrent
urinary tract infection; alcoholic liver disease; autism; multiple sclerosis; Parkinson’s
disease; cancer; pseudomembranous colitis, ulcerative colitis; Crohn’s disease; hepatic
encephalopathy; alcoholic hepatitis, diarrhea; adulthood; Stroke; Alzheimer’s disease
and sepsis. The use of probiotics is a method of additive therapy, which is based on
administering microbes as monotherapy, whether natural or genetically modified.
They are conceptualized as live microorganisms that when administered in adequate
quantities provide a beneficial effect to the host [64].

The most used are Lactobacilli, bifidobacteria, and E. Coli, which act by producing
bacteriocins among other effects and work is being done to improve their microbi-
ome composition (gene processing). The use of FMT can be considered as a super
probiotic.

The main probiotics, both native and modified, make up such an extensive list for
the purposes of the book that it is suggested to go to the review done by Yadav and
Chauhan [61].

5.3 Reduce gut microbiota

It is intended to reduce the number of pathogenic microbes through bacteriocins
and bacteriophages. It is intended to achieve the desired effect without significantly
affecting the other members of the IM. Bacteriocins are peptides synthesized in
ribosomal form that show antimicrobial activity. Two classes have been identified and
the bacteria that produce bacteriocins are Firmicutes, Bacteroidetes, Proteobacteria,
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and Actinobacteria. There is a long list of bacteriocins that are very helpful in various
fields, both medicine and other areas. Resistance to bacteriocins can also be found.

Bacteriophages are viruses that have specificity for a bacterium. It inserts itself
into the genome and causes bacterial membrane disintegration. They are considered
a suitable alternative to antibiotic-resistant germs. Engineered phages use a CRISPR-
cas system to destroy pathogens. Unlike IM and probiotics, their specific targets are
pathogenic bacteria [61].

5.4 Modulatory therapy

Includes the modulation of IM or its interactions with the host for therapeutic
purposes. It considers the restoration of diminished MI and the transformation of
existing flora to achieve a healthier MI. It can be through diet, exercise, and antibiot-
ics. Diet plays a critical role in the use of vitamin D.

Other types of therapeutic targets and beneficial germs that can help have been
added to the literature such as psychobiotics (help in improving mental health in
mental illness), postbiotics (inanimate microbes or their products that provide
benefits), and synbiotics (mixtures of pre- and probiotics).

An important model for understanding therapies for MI is inflammatory bowel
disease (IBD), which includes Crohn’s disease and ulcerative colitis. The disorder of
the intestinal flora of this disease is considered to offer the greatest number, both in
pharmacological strategies and the use of natural remedies and traditional medicines,
and some tested with adequate results. In IBD, the participation of the intestinal
microbiota (IM) stands out. Significant growth of proinflammatory microorgan-
isms is found, including Ruminococcus gnavus and Escherichia Coli, and reduction
of anti-inflammatory microorganisms such as Bacteroidetes, Lachnospiracea, and
Faecalibacterium prasnitzi. The presence of abundant mucus can aggravate the inva-
sion of pathogens and commensal flora inducing inflammation. In addition, bacterial
enterotoxins can damage the epithelial structure of the host. Most studies indicate
that the presence of bacteria, such as adherent E. coli, proteobacteria, and E. coli, are
possible causative agents, and the release of colibactin by E. coli may influence the
presence of colorectal cancer. Host immunology can be altered and produce both
inflammation and anti-inflammation according to local factors. Changes in bacterial
structure, as well as in its metabolites stand out for the development of new therapies,
including 5-ASA, immunosuppressants, glucocorticoids, polyphenols, polysaccha-
rides, and herbal combinations [67].

5.5 Pharmacological interventions and possible therapeutic targets on tryptophan
metabolism

At the level of the brain, the amino acid tryptophan plays a vital role in the synthesis
of important biological molecules. Its metabolites are involved in a large number of pro-
cesses; many beneficial types, depending on the metabolic pathways it follows, can give
rise to malignant types, such as proteins in cancer cells. It also produces the activation of
immunity and antitumor effects, which makes it a very complex component to achieve
therapeutic interventions, due to the complex management within the host. One com-
ponent is the administration of D tryptophan as a supplement, but within the body, its
therapeutic targets are found in its metabolites and enzymes that intervene according to
metabolic pathways. An important marker is the Kyn: Trp ratio, which increases with age
causing frailty in adults. The KYNU enzyme is one of the most gene expressed. The main
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enzymes are tryptophan-2,3-dioxygenase (TDO), indolamine2,3-dioxygenase 1 (IDO1),
indolamine-2,3-dioxygenase (IDO2), and KMO. All can be managed with inhibitors,
modulators, agonists, and antagonists primarily [68].

6. Conclusions

The knowledge about the interaction between tryptophan metabolism and the
gut microbiota has expanded greatly in recent years. Tryptophan and its metabolites
modulated through the gut microbiota are involved in several host physiological and
pathological processes. Degradation of tryptophan and its metabolites is an important
target from a therapeutic perspective; however further. Research is required to refine
effective dose ranges and gut microbial species to modulate host physiology.
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Abstract

This chapter addressed the problem of understanding the role of probiotics in
managing metabolic syndrome. Therefore, the objective was to analyze the clini-
cal evidence surrounding using probiotics and prebiotics for metabolic syndrome
through a bibliometric analysis and to evaluate the impact of dietary interventions
on the microbiota. The most significant results from the data analysis reveal that
probiotics have a beneficial effect on various aspects of metabolic syndrome,
including blood pressure, glucose metabolism, blood lipid profiles, and inflamma-
tory biomarkers. Visualization techniques such as word clouds and scientometric
mapping illustrate the thematic landscape and distribution of research articles,
highlighting the emphasis on cardiovascular and metabolic health and the modula-
tion of women’s health and gut microbiota. Despite the substantial evidence sup-
porting the beneficial effects of probiotics, discrepancies across studies were found,
indicating variability in outcomes, potentially due to differences in the specific
probiotic strains used and their dosages. In conclusion, the study provides a com-
prehensive overview of the favorable effects of probiotics on metabolic syndrome.
It suggests that dietary modulation through probiotics could be a viable strategy for
managing metabolic health. Moreover, this book chapter emphasizes the impor-
tance of standardization in improving the reliability and comparability of results
across different studies.

Keywords: metabolic syndrome, dysbiosis, microbiota, dietary fiber, probiotics

1. Introduction

The composition of the microbiota is highly variable among individuals and can
fluctuate significantly within an individual due to various environmental factors such
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as antibiotic use, lifestyle, hygiene, and diet, all of which have a direct impact on the
host’s health [1].

Probiotics and prebiotics are the primary modulators of the intestinal micro-
biota, and together, they are known as synbiotics [2]. This synergy has been shown
to benefit the immune system and gut microbiota, offering potential strategies for
preventing and treating dietary component-induced intestinal inflammation and
inflammatory diseases [3].

Prebiotics, as defined by the Food and Agriculture Organization of the United
Nations (FAO), are non-digestible food ingredients that reach the colon in an unaltered
form and are fermented by saccharolytic bacteria [2]. These compounds predominantly
include complex carbohydrates such as resistant starch, inulin, cellulose, pectin, hemi-
cellulose, and gum, as well as substances like lactulose, fructooligosaccharides, and
galactooligosaccharides [4]. Upon fermentation, prebiotics enhance the size and activity
of beneficial bacteria in the colon, promoting the growth of a healthy gut microbiota [5].

The effects of prebiotics on the gut microbiota and their potential health benefits
have been extensively studied. Research has shown that prebiotics can modulate the
intestinal microbiota and benefit the host’s health [6]. Furthermore, prebiotics have
been associated with producing short-chain fatty acids with immunomodulatory
properties, which can contribute to regulating gut permeability and reducing inflam-
mation [7]. Additionally, prebiotics have been investigated for their potential to
improve metabolic health, with studies revealing their influence on the production of
glucagon-like peptide 1 and peptide YY and their ability to decrease ghrelin levels [8].

Probiotics defined by FAO/OMS are “live microorganisms which, when administered
in adequate amounts, confer a health benefit on the host” [9]. These microorganisms pri-
marily consist of lactic acid bacteria and yeasts, and their beneficial effects are attributed
to various mechanisms, including the generation of short-chain fatty acids by specific
beneficial bacteria, which play a crucial role in regulating glucose homeostasis [10].

The effects of probiotic supplementation on metabolic issues such as hyperglycemia,
hypertension, and hyperlipidemia have been extensively studied. Clinical studies,
systematic reviews, meta-analyses, and umbrella reviews have been conducted to assess
the quality of the information in these reviews, providing a comprehensive understand-
ing of the impact of probiotics on metabolic health [11-17]. These studies have investi-
gated the potential of probiotics to ameliorate various metabolic parameters, including
glucose metabolism, lipid profiles, and insulin resistance, among others. While some
studies have reported positive effects of probiotics on metabolic parameters, others have
failed to find significant benefits, leading to a lack of consensus in the field [18-20].

The variability in the results may be attributed to differences in study designs,
participant characteristics, probiotic strains, and dosages used, highlighting the
complexity of evaluating the overall impact of probiotics on metabolic health. Despite
the challenges in reaching a consensus, evidence from several randomized controlled
trials and meta-analyses indicates that probiotics can have a beneficial effect on
aspects of metabolic syndrome, including blood pressure, glucose metabolism, and
blood lipid profiles, as well as improving inflammatory biomarkers [21-23].

This book chapter aims to analyze the clinical evidence surrounding the use of
probiotics for metabolic syndrome. It includes a bibliometric analysis of clinical stud-
ies, systematic reviews, meta-analyses, and umbrella reviews, thoroughly evaluat-
ing the existing literature on probiotics and their impact on metabolic syndrome.
Additionally, the chapter reviews the principal dietary interventions for metabolic
syndrome and their reported effects on the microbiota, exposing the potential
mechanisms underlying the observed outcomes.
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2. Bibliometric and authors’ keywords analysis

Data gathering relied on scientific articles on Web of Science© (WoS) pub-
lished and indexed. On January 23, 2024, a search was conducted on WoS using the
“advanced search” section, employing the following logical operation: (TI = (‘pro-
biotic®” AND ‘metabolic syndrome’) OR AB = (‘probiotic*” AND ‘metabolic syn-
drome’)) AND (TI = (‘systematic review’ OR ‘meta-analysis’ OR ‘umbrella review’
OR ‘controlled trial*’ OR ‘overview’) OR AB = (‘systematic review’ OR ‘meta-analysis’
OR ‘umbrella review’ OR ‘controlled trial*’ OR ‘overview’)) NOT KP = (‘probiotic*’
AND ‘metabolic syndrome’ AND ‘systematic review’ AND ‘meta-analysis’ AND
‘umbrella review’ AND ‘controlled trial*> AND ‘overview’). This function allowed
search articles containing the terms probiotic or probiotics (“probiotic*”) and
metabolic syndrome in the title (TI) and abstract (AB). Also, it included at least one
of the terms “systematic review”, “meta-analysis”, or “umbrella review” rather than
relying on the keywords-plus associated with each document (NOT KP). The logical
operators combined the conditions. The search excluded Book Chapters, Proceeding
Papers, Early Access Articles, and Retracted Publications.

An analysis was conducted on publications spanning from 2014 to 2023, encom-
passing all records available in WoS. This examination yielded a total of 92 docu-
ments. Data were exported as BibTeX (savedrecs.bib) and Research Information
Systems (savedrecs.ris) files using the “Record Content: Full Record” option. Analysis
was performed with the software VOSviewer version 1.6.20 and with software
R-package bibliometrix version 4.1.4 [24] for the scientific mapping analysis, using R
version 4.1.2 as the programming language (2021-11-01) [25], and R-studio version
2023.12.0 as integrated development environment [26]. The analysis was conducted
utilizing the biblioshiny() function.

The outcome of data analysis is presented in Table 1, which comprehensively
analyzes research data spanning the timespan study (2014-2023). It highlights sig-
nificant trends in document content, authorship, collaboration, and document types.
Notably, the research landscape witnessed a robust annual growth rate of 31.8%, with
69 sources contributing to 92 documents. The absence of single-authored documents
suggests a prevalent culture of collaboration among 475 authors. The 23.91% interna-
tional co-authorships emphasize the study’s global dimension. Document content is
rich, featuring 413 Keywords Plus (ID) and 275 Author’s Keywords (DE). The average
document age of 3.52 years indicates the timeliness of the research, while the citation
rate of 26.36 reflects its impact. Categorically, the documents include 51 articles and
41 reviews, showcasing a balanced mix of original research and critical assessments.
The analysis provided valuable insights into research activities’ dynamic and collab-
orative nature during the specified period.

Additionally, Figure 1 serves as a multifaceted tool for understanding the intrica-
cies of scientific production from 2014 to 2023. Each sub-figure provides a unique
perspective, collectively contributing to a nuanced and comprehensive portrayal of
the research landscape during the specified timespan. Researchers and stakeholders
can leverage this information to identify trends, assess global contributions, and gain
valuable insights into the evolving dynamics of scientific output.

Figure 1a outlines the annual scientific production from 2014 to 2023, revealing
distinctive trends. Initial years (2014-2015) show sparse output, with two articles
annually, followed by a notable absence in 2016. From 2017 to 2020, a gradual increase
occurred, peaking at 15 articles in 2021 but experiencing fluctuations in 2020 and
2022. Notably, 2023 sees a significant surge with 24 articles, suggesting a particularly
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Description Results

Main information about data

Timespan 2014:2023
Sources (Journals, Books, etc) 69
Documents 92
Annual growth rate % 31.8
Document average age 3.52
Average citations per doc 26.36
References 0
Document contents

Keywords plus (ID) 413
Author’ keywords (DE) 275
Authors

Authors 475
Authors of single-authored docs 0

Authors collaboration

Single-authored docs 0

Co-authors per doc 5.89

International co-authorships % 2391

Document types

article 51

review 41
Table 1.

Analysis of vesearch data: 2014—2023—Document trends, authorship patterns, and collaboration insights.

productive year. The data underscores dynamic shifts in research output, potentially
influenced by evolving research priorities, external events, and varying funding scenar-
ios. This analysis provides valuable insights for researchers and stakeholders, identifying
influential periods and informing strategic planning for future research endeavors.
Figure 1b presents a frequency distribution in research output across different
regions, indicating the number of occurrences for each area. Iran leads with 171
instances, followed by Spain with 72 and China with 64. The United States, often
a prominent contributor to scientific research, ranks fourth with 56 occurrences.
Germany, India, Italy, Australia, Canada, and Brazil follow in descending order, con-
tributing 34 to 14 instances each. This distribution suggests a varied global landscape
of research contributions, with Iran demonstrating a notable presence in the dataset.
Figure 1b provides valuable insights into regional research activity, aiding in under-
standing the geographical distribution of scientific output in the analyzed context.
Figure 1c provides an overview of the leading journals where articles were pub-
lished, detailing the frequency of publications for each source. “Nutrients” emerges
as the primary source with six articles, suggesting a significant focus on this avenue
within the analyzed dataset. Following closely are “Gut Microbes”, “Journal of
Functional Foods”, and “Trials”, each with four articles indicating substantial research
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Figure 1.

Overview of scientific production from 2014 to 2023 timespan. (a) Annual scientific production. (b) Country
scientific production. (c) Main journals where articles were published. (d) Treemap chart of the number of
publications in different disciplines according to the classification of Web of Science®©.

output from these platforms. Several other journals, such as “Clinical Nutrition”,
“British Journal of Nutrition”, and “Critical Reviews in Food Science and Nutrition”,
contribute two to three articles each. Researchers and stakeholders can leverage this
information to identify critical platforms driving discussions and insights within the
realm of nutrition.

Figure 1d highlights the local impact of various sources in the field, as measured
by their h-index. “Gut Microbes” leads with an h-index of 4, signifying its sub-
stantial influence and broad citation impact within the analyzed dataset. Following
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closely are “Journal of Functional Foods”, “Nutrients”, and “Trials”, each with an
h-index of 3, indicating significant recognition and impact in the local scholarly
community. Several other sources, including “British Journal of Nutrition”, “Clinical
Nutrition”, “Critical Reviews in Food Science and Nutrition”, “European Journal

of Nutrition”, “Frontiers in Nutrition”, and “Nutrition Metabolism and Cardiovascular
Diseases”, maintain an h-index of 2, reflecting a notable but slightly lower local
impact. This metric provides valuable insights into the scholarly influence and recog-
nition of these sources within the specific domain, aiding researchers and stakehold-
ers in gauging the significance and reach of these platforms in nutrition.

Finally, Figure le categorizes the research articles into various Web of Science
categories, indicating the record count and the corresponding percentage of 92
articles. “Nutrition Dietetics” is the predominant category, encompassing 39.13% of
the articles, showcasing a significant focus on nutritional studies within the dataset.
Other prominent categories include “Endocrinology Metabolism”, “Food Science
Technology”, and “Pharmacology Pharmacy”, each contributing around 12% of the
total articles. “Medicine General Internal” follows closely, representing 9.78% of the
dataset. The distribution across categories reflects diverse research interests, with
microbiology, gastroenterology, and experimental medicine also making notable
contributions. This categorization provides a comprehensive overview of the research
landscape, highlighting the multifaceted nature of studies within nutrition and
related disciplines. Researchers and stakeholders can leverage this information to
understand the distribution of topics and the emphasis on specific areas within the
analyzed dataset.

Regarding the analysis of authors’ keywords, Figure 2 provides a comprehensive
exploration that researchers can utilize to identify patterns, recognize emerg-
ing trends, and acquire valuable insights into the thematic landscape of research
contributions from 2014 to 2023. The integration of these visualization techniques
improves the interpretability of the dataset, enabling a more nuanced understand-
ing of the relationships and dynamics embedded within the usage of authors’
keywords. Figure 2a shows a word cloud generated from the top 50 words with the
highest frequency, visually representing vital thematic elements in the dataset. “Gut
microbiota”, “double-blind”, and “insulin resistance” emerge as central terms, each
with significant frequencies of 28, 25, and 18, respectively. These terms suggest a
strong emphasis on topics related to gut microbiota, experimental design (double-
blind studies), and metabolic health (insulin resistance) within the corpus. Other

» « »

prevalent terms, including “meta-analysis”, “supplementation”, “inflammation”,
“obesity”, “health”, “lipid profile”, and “probiotics”, contribute to a rich thematic
landscape. The prominence of these terms in the word cloud indicates their recur-
rent presence in the dataset, offering researchers valuable insights into the focal
points of research contributions and potential areas of emphasis within the ana-
lyzed period.

Figure 2b-d depict the scientometric mapping conducted using VOSviewer v.
1.6.18 software, following the first two steps reported in a prior study [27]. The next
steps followed the methodology reported in a previous investigation (3). The count-
ing method was configured to utilize full counting. (4) A threshold of five occur-
rences was established to ensure the inclusion of numerous concepts in the map. Of
the 2208 terms, 72 meet the threshold. (5) The software calculated a relevance score
for each of the 72 terms [28]. Using this score, the terms deemed most relevant were
chosen. The default setting, which comprised 60% of the most relevant terms, was
selected, resulting in 43 terms. However, the terms “mg/dL”, “baseline”, “individual”,

50



Probiotics and Metabolic Syndrome: A Bibliometric Analysis and Overview of Dietary...
DOI: http://dx.doi.org/10.5772/intechopen.1004605

R L .

mmelaunllnswumme ; o Seiaa
rwelght D18 SItY chotesterol 7 optonilreen -
---sunnlemema!mnmm., e rm Lo

netmin e

hloot- mssura | e siglp ol

=gutmicrobiola~ . "~ -

laSllllll -resistance=—=__ g W RN
. “smetaanawslsunin profile B :

mmmﬂammalmnm...ﬂ'é’ o
fatty liver-disease “ = = v poboyse: iy syt

tacssdecifn getuan 1105 A, vosviewer

(a) (b)

atycysus ity smdronie

™ EE
H vosviewer - - n -

Figure 2.

Authors’ keywords analysis from the period 2014—2023. (a) Word cloud containing the 50 principal authors’
keywords. Scientometric mapping with the occurrence of the 42 principal authors’ keywords: (b) network
visualization, (c) overlay visualization, and (d) density visualization.
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“type”, “patient”, “participant’, and “week” were excluded because they are common
terms related to clinical studies, leaving a final count of 36 terms. Although certain
words may appear in different nodes, they refer to the same term. That is the case of
“polycystic ovary syndrome, pco and pcos” “diabetes and diabete” and “synbiotic
supplementation and symbiotic”. (6) The maps were created. The normalization
method chosen was the association strength. The cluster size was maintained at least
one term per cluster, adhering to the default setting. The resolution parameter was set
to one (default value). Finally, the maps were exported as PNG image files.

Figure 2b displays 36 items, 3 clusters, and 471 links, with a total link strength of
4944. The sizes of the letters and circles correspond to the frequency of occurrences,
highlighting significant points within the chosen research domain. The proximity
of keywords in the visualization reflects their connectedness through occurrence
links, with closer keywords indicating a stronger relationship. The distances between
keywords can serve as indicators of knowledge gaps within specific areas.

The dataset analysis with VOSviewer has revealed three distinct clusters, each
highlighting specific areas of health research. The first cluster explores cardiovascular
and metabolic health, emphasizing factors like blood pressure and weight loss. The
second cluster focuses on evidence-based research into metabolic disorders such as
diabetes and obesity. The third cluster delves into women’s health and gut microbiota
modulation, particularly hormonal aspects. Collectively, these clusters offer valuable
insights into diverse aspects of metabolic health research:
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The first cluster with 15 items, “Cardiovascular and Metabolic Health”, red (R:
214, G: 39, B: 40), comprises terms closely associated with cardiovascular health,
metabolic disorders, and related interventions. The presence of terms such as “blood
pressure”, “lipid profile”, “waist circumference”, and “weight loss” suggests a focus
on factors related to cardiovascular risk assessment and management. Additionally,
“vitamin D” and “yogurt” indicate potential dietary and lifestyle interventions that
may influence cardiovascular and metabolic health outcomes. Including terms like
“double-blind” and “placebo” underscores the importance of rigorous experimental
design and control groups in studies investigating interventions targeting cardiovas-
cular and metabolic parameters. Overall, this cluster reflects a comprehensive explo-
ration of factors and interventions relevant to cardiovascular and metabolic health,
highlighting the interdisciplinary nature of research in this domain.

The second cluster with 13 items, “Metabolic Disorders and Evidence-Based
Research’”, green (R: 44, G: 160, B:44), encompasses terms indicative of in-depth
investigations into metabolic disorders, particularly diabetes, obesity, and non-
alcoholic fatty liver disease (NAFLD). The inclusion of terms like “evidence”,
“mechanisms”, and “systematic review” suggests a strong emphasis on rigorous and
evidence-based research methodologies within the cluster. The term “overview”
implies a holistic approach, possibly involving comprehensive reviews or analyses
of the current state of knowledge in the field of metabolic disorders. The presence
of terms related to prevention underscores the proactive exploration of strategies to
mitigate or manage metabolic disorders. Thus, Cluster 2 signifies a research focus on
metabolic conditions, supported by evidence-based approaches, with an overarch-
ing goal of understanding mechanisms and prevention and offering comprehensive
overviews through systematic reviews and articles.

The third cluster with 8 items, “Women’s Health and Gut Microbiota Modulation”,
blue (R: 31, G: 119, B: 180), centers around terms related to women’s health and the
modulation of gut microbiota. The inclusion of terms like “PCOS” (Polycystic Ovary
Syndrome), “woman’”, and “insulin resistance” (indicated by “homa ir”) points
toward a specific focus on women’s health concerns, particularly those related to hor-
monal and reproductive aspects. Additionally, terms such as “dysbiosis”, “prebiotic”,
“probiotic”, and “synbiotic” highlight an interest in understanding and potentially
modulating the gut microbiota as it relates to women’s health. This cluster suggests a
nuanced exploration of the interplay between gut health, hormonal imbalances, and
conditions like PCOS, indicating a comprehensive investigation into the potential role
of microbiota modulation in women’s health and associated disorders.

On the other hand, Figure 2c displays an “overlay visualization” graph, employing
a score range from 2020 to 2021.5, with the color scheme set to Viridis default. This
visualization effectively represents the distribution and relationships among elements
in the dataset over time. The “overlay visualization” offers a dynamic and detailed
representation of data evolution, enabling a quick and precise interpretation of varia-
tions from 2020 to 2021.5.

Finally, Figure 2d displays the “density visualization”, representing item density
within the dataset. The “item density” option from VOSviewer software shows the
graph’s spatial concentration or distribution of elements. In a density visualization,
areas with higher color intensity indicate a greater density of components, poten-
tially suggesting the presence of denser thematic clusters or groups in those regions.
Conversely, lighter-colored areas denote lower density, indicating possibly less
populated zones regarding dataset elements, aiding in identifying patterns, clusters,
and areas of greater relevance within the analyzed dataset.
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3. Use of probiotics in metabolic syndrome

The use of probiotics in managing metabolic syndrome and its associated
conditions, such as prediabetes and diabetes, has gained significant attention in
recent research. Probiotics have been shown to have beneficial effects on various
aspects of metabolic syndrome, including low-grade inflammation, immunity,
oxidative stress, and lipid concentrations, as well as glycemic control [29-31]. Many
studies have demonstrated the positive impact of specific bacterial strains on glycemic
control in animal models, indicating the potential of probiotics in addressing meta-
bolic disorders [29, 30].

Furthermore, probiotics have been associated with improvements in oxidative
stress and inflammation markers, supporting their potential cardio-protective effects
[31]. The regulation of probiotics on the immune system has also been highlighted as
a method to prevent common diseases, indicating a broader impact beyond metabolic
syndrome [32, 33]. Additionally, the modulation of lipid metabolism and lipid pro-
files, including improving HDL-C concentration, has been documented in individuals
with type 2 diabetes [30, 34].

The potential of probiotics extends to other metabolic disorders, as evidenced
by their ability to reduce homocysteine concentration in obese women, indicating
a broader application in addressing metabolic abnormalities [35]. Additionally, the
impact of glycemic control on various aspects of metabolic disorders, including lipid
metabolism, immune response, and susceptibility to infections, underscores the
interconnected nature of these conditions [36, 37].

While the evidence supporting the beneficial effects of probiotics on metabolic
syndrome is substantial, it is essential to consider factors such as bacterial strains,
dosage, and study heterogeneity when evaluating the effectiveness of probiotics
in preventing or treating metabolic disorders [30, 38]. In a systematic review of
randomized controlled trials that employed probiotics, prebiotics, or synbiotics for
pre-diabetes treatment, the partial demonstration of benefits in modulating gut
microbiota abundance has been observed. The authors emphasized that there is insuf-
ficient evidence to support the significant benefits of biotics in glucose metabolism,
lipid metabolism, and body composition. Additionally, they highlighted the impact of
small sample sizes and various study designs for comparing studies [39].

Recently, an umbrella meta-analysis was carried out to evaluate the effect on
glycemia of the information available in databases such as Scopus, Embase, Pubmed,
Web of Science, and Google Scholar on clinical studies on probiotic supplementa-
tion. The PRISMA methodology was followed, and a record was generated on the
PROSPERO platform (Registration code: CRD42021286290). This work excluded
observational papers, case reports, in vitro, ex vivo, in vivo, and quasi-experimental,
controlled clinical trials, and articles in a language other than English. The AMSTAR
methodology was used to evaluate the quality of work. The credibility of the meta-
analyses was assessed using GRADE (Grading of Recommendations, Assessment,
and Evaluation). Of 693 articles, only 48 met the inclusion criteria for the analysis
and were published from 2013 to 2021. They concluded that probiotics benefit fasting
plasma glucose, HbAlc, HOMA-IR, and insulin levels. A probiotic supplementation
period of less than 8 weeks at moderate dosages (10° or 10° CFUs) was a more effec-
tive approach in improving these parameters [40].

In a PRISMA methodology umbrella meta-analysis (PROSPERO registration num-
ber = CRD42022304378), the effects of synbiotic supplementation on insulin, fasting
blood sugar, and HOMA-IR were evaluated. For the selection and quality assessment
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of the included studies, AMSTAR2 checklist and GRADE were used. Of the total 156
articles, only 13 were selected. The study concluded that synbiotic supplementation

can improve the glycemic indices studied and can be recommended as an adjunctive
anti-hyperglycemic agent, particularly in diabetic and PCOS patients [41].

The therapeutic potential of probiotics in managing metabolic syndrome is sup-
ported by evidence of their positive impact on inflammation, immunity, oxidative
stress, lipid concentrations, and glycemic control [42]. Probiotics have been shown
to reduce systemic inflammation, decrease intestinal endotoxin, and lower insulin
resistance and hyperglycemic incidences [43]. Furthermore, probiotics have demon-
strated a glucose-lowering effect in participants with type 2 diabetes mellitus [44].
Studies have also indicated that probiotics, particularly Lactobacillus sub-strains, have
beneficial effects on diabetes-related blood parameters, although more evidence from
human trials is needed to confirm these effects [42]. Additionally, synbiotics have
shown efficacy in improving glycemic indices, suggesting their use as a supplemen-
tary treatment for conditions like diabetes and polycystic ovary syndrome [39].

However, the efficacy of probiotics is influenced by the specific strains used, the
dosage administered, and the variability among studies [43]. Future research should
aim to standardize probiotic treatments and further elucidate the mechanisms by which
they exert their beneficial effects on metabolic health [42]. It is important to note that the
effects of probiotics on glycemic control and metabolic parameters in gestational diabetes
mellitus are still being investigated, and further studies are warranted to address the limi-
tations of existing evidence and better inform the management of this ailment [45, 46].

4. Dietary patterns in metabolic syndrome and their impact on the
intestinal microbiota

Diet plays an essential role in the management of metabolic syndrome, directly
influencing the composition and function of the intestinal microbiota [47].
Numerous dietary interventions have been proposed for patients with metabolic
syndrome, emphasizing the importance of increased fiber consumption and analyz-
ing the impact of lipids on the microbiome.

Numerous studies have demonstrated that dietary patterns emphasizing recom-
mendations based on healthy high-fiber foods, such as the Mediterranean regional diet,
plant-based diets, DASH diet, among others, are the gold standard for extending life
expectancy and reducing the risks of cardiovascular diseases [48-53]. However, there
are other dietary patterns that also have cardiovascular health benefits, such as inter-
mittent fasting patterns. Many of these, as we will discuss later, contribute to or do not
contribute to the improvement, balance, and diversity of the intestinal microbiome.

The Mediterranean diet is characterized by high consumption of virgin olive oil,
whole grains, nuts, fruits, vegetables, and legumes, moderate consumption of fish,
seafood, dairy products, and red wine, as well as a reduction in the consumption of
red meats, processed meats, and sugar [52]. Numerous studies consistently demon-
strate that the Mediterranean diet, especially when enriched with polyphenols and
plant proteins, has a positive impact on reducing the risk of cardiovascular diseases
(CVDs) and diabetes. These benefits result in a significant decrease in the incidence
of cardiovascular events, improvement in lipoprotein function, and increased
antioxidant capacity. However, it is crucial to emphasize that patient adherence to this
diet and food choices play a crucial role in obtaining these benefits [54-56]. Beneficial
modulation of the gastrointestinal microbiome and associated metabolomic profile
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has been found, including an increase in total bacteria, Bifidobacterium/E. coli ratio,
lower amounts of E. coli, and the relative ratio of Bacteroidetes/short-chain fatty acids
(SCFA) in feces [57]. Another study found that a Mediterranean diet partially restores
the population of P, distasonis, B. thetaiotaomicron, F. prausnitzii, B. adolescentis,

and B. longum in patients with metabolic syndrome [58] and Eubacteria, Prevotella,
Bifidobacteria, and Lactobacilli in healthy subjects [59].

On the other hand, plant-based diets have gained popularity due to their potential
health benefits and perceived environmental impact. While the term “plant-based”
is sometimes used to refer to omnivorous diets with a relatively small component of
animal foods, here it is understood to signify either vegetarian (plant-based plus dairy
and/or eggs) or vegan (100% plant-based) diets, both characterized by maximal intake
of plant products and the reduction or elimination of animal-derived food consump-
tion. Additionally, vegetarian diets have been demonstrated to reduce body weight, fat
mass, as well as blood lipids and glucose in patients with cardiovascular disease [56].
However, plant-based diets of low quality (e.g., refined cereals) have been associated
with an increased risk of these pathologies [53]. Therefore, it is understood that achiev-
ing health benefits with such diets involves limiting animal-derived foods and making
informed choices regarding the selection and quality of plant-based foods in the diet.
Regarding the microbiome, conclusive findings are lacking; however, it is known that
vegans exhibit higher proportions of Bacteroides thetaiotaomicron, Bacteroides/Prevotella,
Klebsiella pneumoniae, Faecalibacterium prausnitzii, Clostridium clostridioforme; and lower
proportions of Bilophila wadsworthia, Clostridium cluster XIVa [60]. However, another
study found a lower count of Bacteroides and Bifidobacterium species, with no differences
between vegans and non-vegans [61]. In another study involving a plant-based dietary
intervention, the microbial community structure overcame interindividual differences
in microbial gene expression but reverted to baseline values within 3 days [62].

DASH (Dietary Approaches to Stop Hypertension) diets represent a dietary
pattern established for hypertension management, with a dietary structure similar to
the Mediterranean diet. Given that an estimated 80% of individuals with metabolic
syndrome also suffer from hypertension, DASH diets are highly relevant for metabolic
syndrome treatment [63]. Rich in fruits and vegetables, skimmed milk, whole grains,
and with moderate consumption of nuts and legumes, along with reduced amounts
of red meats, fats, refined sugars, and sugary beverages, it results in significant blood
pressure reduction compared to an American diet [50]. Subsequent clinical studies
further confirmed the antihypertensive effects of this diet, expanding the list of posi-
tive effects to include improvements in other cardiovascular risk factors and comor-
bidities [64]. Likewise, systematic reviews and meta-analyses have demonstrated that
the DASH diet significantly reduces body weight, improves lipid profile, blood glucose
levels, insulin resistance, inflammatory response, and oxidative stress markers, as
well as reduces the incidence of cardiovascular diseases, strokes, and type 2 diabetes
[64, 65]. This diet has been observed to promote the expansion of protective microbes
releasing intestinal metabolites such as SCFA [66] and showed a decrease in Firmicutes
and Bacteroidetes and a significant reduction in lipopolysaccharide concentration [67].

The ketogenic diet is known as a very low-carbohydrate and high-fat diet, induc-
ing ketosis [68]. Due to the negative reputation of fats regarding the risk of develop-
ing cardiovascular diseases, there is much controversy surrounding the impact of
this diet on such conditions; however, ketogenic diets have been shown to improve
cardiovascular risk factors, including blood glucose, body weight, triglycerides, and
HDL levels, in studies lasting 6 months. However, most of these improvements were
no longer significant after 12 months [69]. The impact of this diet on the microbiota is
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unclear, with some human and animal studies yielding different results, demonstrat-
ing positive effects on the remodeling of bacterial architecture and intestinal biologi-
cal functions. In contrast, others report negative effects such as lower diversity and
an increased amount of proinflammatory bacteria [70]. Additionally, with this diet,
the intestinal microbiome structure in epileptic infants differs drastically from that
of healthy infants. Proteobacteria, significantly higher in epileptic infants, decreased
sharply after Crohn’s disease. Cronobacter predominated in the epileptic infant group
and remained at a low level in both healthy and epileptic infants after Crohn’s disease.
Bacteroides significantly increased in epileptic infants after Crohn’s disease, whereas
Prevotella and Bifidobacterium also grew in number and continued to increase [71].
The ketogenic diet strictly influences taxa, richness, and diversity of bacteria.

Fasting is the intentional cessation of solid food and stimulant intake over a lim-
ited period. Intermittent fasting has demonstrated beneficial effects on cardiovascu-
lar diseases, consistently showing a reduction in body weight, body fat mass, and BMI
in individuals with obesity, type 2 diabetes, and high cardiovascular risk [72]. Time-
restricted fasting enhances metabolic rhythms and prevents metabolic diseases such
as obesity and inflammation, independently of caloric restriction [73]. The 5:2 diet
(periodic fasting) has also proven effective in intermittent fasting programs for pre-
venting and treating cardiometabolic diseases [72]. Some studies have shown that the
5:2 diet is more effective in glycemic control for patients with obesity, type 2 diabetes,
and metabolic syndrome, achieving significant improvements in weight, blood pres-
sure, and adiposity factors [74, 75]. Fasting may impact the composition and abun-
dance of the human intestinal microbiota, with significant changes observed at the
phylum, class, and species levels. One study identified changes in nine major phyla
representing approximately 90% of operational taxonomic units in the intestinal
microbiota, with Firmicutes and Bacteroidetes as predominant phyla. Additionally,

a significant increase in the relative abundance of spirochetes was observed in the
intermittent fasting group, while the majority of other phyla decreased. Furthermore,
23 species were identified as significantly affected after intermittent fasting inter-
vention, with some species increasing in abundance (e.g., Ruminococcus gnavus and
Roseburia faecis) and others decreasing [74].

Certain dietary patterns are less favorable for the microbiome and metabolic
syndrome, as they are associated with obesity and subsequent diabetes and cardio-
vascular diseases. An example is the consumption of diets with artificial sweeteners,
which may contribute to metabolic syndrome and obesity while negatively altering
the host’s microbiome [76]. Excessive consumption of simple carbohydrates can also
pose problems, leading to reduced microbial diversity, particularly a decrease in
Bacteroidetes and an increase in Proteobacteria [77]. There is also an increase in the
Firmicutes/Bacteroidetes ratio, causing intestinal permeability disturbance and an
increase in inflammatory cytokines (causing colitis) [78]. The American or Western
diet (high in fat, animal protein, and sugar) induces dysbiosis, negative effects on
gastrointestinal mucosa, inflammation, and an increase in bile-resistant microor-
ganisms such as Alistipes, Bilophila, and Bacteroides, while reducing the levels of
Firmicutes necessary for vegetable metabolism (Roseburia, Eubacterium rectale, and
Ruminococcus bromii) [62]. Finally, alcohol consumption is associated with changes
in the intestinal microbiota. Although evidence in humans is limited, various studies
suggest that alcohol-induced alterations in the composition and metabolic function of
the gastrointestinal microbiota may contribute to the well-established link between
alcohol-induced oxidative stress, increased intestinal permeability to bacterial prod-
ucts, and the subsequent development of liver diseases and other conditions. Alcohol
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is associated with quantitative and qualitative changes in the intestinal microbiota.
These changes may be linked to increased inflammation in the gastrointestinal tract,
increased intestinal permeability resulting in the presence of bacterial toxins in the
blood, systemic inflammation, and damage to tissues or organs [79].

5. Conclusions

Substantial evidence was provided by this chapter supporting the hypothesis that
the gut microbiota could be beneficially modulated by probiotics, thereby positively
influencing the management of metabolic syndrome. Aligned with the study’s general
objective, the significant scholarly focus on the interplay between diet, probiotics, and
metabolic health was highlighted through bibliometric analysis and thematic exploration
of research data from 2014 to 2023. The key findings emphasized the therapeutic poten-
tial of probiotics in inflammation reduction, immunity improvement, oxidative stress
mitigation, and lipid concentration normalization, critical factors in the pathophysiology
of metabolic syndrome. Additionally, dietary patterns, particularly Mediterranean and
plant-based diets, were shown to positively impact cardiovascular health and diabetes
management through their modulatory effects on the intestinal microbiota. These results
validated the initial hypothesis and provided a comprehensive understanding of the
current research landscape, offering valuable insights for future research directions and
interventions to improve metabolic health through dietary and probiotic strategies.

The perspectives on this line of research are promising and suggest a dynamic
and evolving field with a strong focus on the interplay between diet, probiotics, and
metabolic health. The robust annual growth rate of 31.8% in scholarly output and
the global dimension of international co-authorships at 23.91% indicate a burgeoning
interest and collaborative efforts in this area. The significant attention given to the
use of probiotics in managing metabolic syndrome and its associated conditions and
the variability in study results points to the need for further research to solidify the
evidence base and understand the mechanisms at play. The scientometric mapping
and word cloud analysis reveal that cardiovascular and metabolic health, women’s
health, and gut microbiota are key thematic areas, suggesting these will continue to
be significant topics of investigation. Systematic reviews and meta-analyses indicate
an ongoing effort to synthesize and evaluate existing research, which is critical for
advancing the field and informing clinical practice. Overall, the perspectives high-
light the importance of continued research into the nuanced effects of probiotics on
metabolic health, with an emphasis on experimental design, participant character-
istics, probiotic strains, and dosages to address the current lack of consensus and to
harness the full potential of probiotics in metabolic syndrome management.
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Chapter 4

Obesity in Low-Income
Communities

Amardeep Shrestha and Prakriti Singh Shrestha

Abstract

The relationship between income levels and obesity is complex. Obesity has
historically been a disease in affluent countries. Hence it is thought that greater wealth
brings greater obesity. However, data suggested overall obesity prevalence decreased
with increased levels of income. This observation proved that obesity as a disease is
complex and not a simple calorie-in and calorie-out equation. Low socioeconomic
communities suffer from inequalities and health disparities that we need to amend by
reforming our healthcare delivery system. We will discuss why obesity is a problem
in low-income communities and what preventive and treatment strategies we would
need to implement to combat this.

Keywords: food insecurity, obesity, low income, food stamp program, health disparity

1. Introduction

The prevalence of obesity has increased over time [1]. It is now a major public
health risk factor that has been linked to several non-communicable diseases such as
diabetes, hypertension, cardiovascular disease, obstructive sleep apnea, etc. [1]. It
has also been related to increased all-cause mortality and reduced quality of life [1].
To better understand obesity, several studies and research have been ongoing looking
at correlations. Epidemiological research depicting the relationship with the socio-
economic status of the community has been ongoing and several hypotheses have
been laid out [1]. Socioeconomic status includes the household income level as well
as their level of education [2]. The relationship between income levels and obesity
is complex [2]. We reviewed current and previous literature depicting this relation-
ship with a thorough web search of journal articles, books, and statistical data from
national surveys. These included any articles that appeared on the search criteria
including low income and obesity.

The pattern of relation was noted to vary between high-income and low-income
countries [1, 2]. In low-income countries, it has been noted to be a disease of the
rich [2]. Hence, a thought that greater wealth brings greater obesity [3]. The relation-
ship, however, did not stay the same in medium- to high-income countries. It was the
opposite [1, 2]. Obesity prevalence decreased with increased levels of income in afflu-
ent countries [1-3]. This observation also proved that obesity as a disease is complex
and not a simple calorie-in and calorie-out equation [2, 4].
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Review of NHANES (National Health and Nutrition Examination Survey) 2011
2014 data [4] categorized income levels into three categories: Highest (federal poverty
level FPL >350%), middle-income levels (FPL > 130% to <350%), and lowest-income
group (FPL < 130%). The data revealed the overall prevalence of obesity was com-
paratively lower in the highest-income group (31.2%) as compared to middle-income
group (40.8%) and lowest-income group (39%) [4].

Various other concomitant determinants such as gender, ethnicity, etc., affected
the prevalence in a community [5]. On a gender level, obesity decreased with
increased levels of income among women, consistent with overall prevalence [5].

It was 29.7% in FPL > 350% whereas it increased to 42.9% in FPL >130% to <350%
group and 45.2% in FPL < 130% group [4]. However, this relationship was complex
among men. Men had lower prevalence in both the lowest-income group (31.5%)

and the highest-income group (32.6%) but affected middle-income group the most
(38.5%) (Figure1). One of the explanations for this is that men in low-income groups
are involved in more labor-intensive jobs [4, 5].

The relationship between obesity and income levels also varied by race and
ethnicity. As shown in Table 1, obesity prevalence decreased as income increased in
non-Hispanic whites (30.6% in FPL >350% vs. 35.8% in FPL < 130% and 40.2% in
FPL > 130 to <350%). A similar relation was noted in the Asian population with an
obesity prevalence of 10.7% in FPL > 350% vs. 15% in FPL < 130% and 11.2% in FPL
> 130 to <350%; in the Hispanic population with 39.1% in FPL > 50% vs. 42.6% in FPL
< 130 and 45% in FPL > 130 to <350%. Among, non-Hispanic Black men, there was
no significant difference in obesity prevalence per poverty level (Table1).

2. Understand the health disparity

There are lots of disparities and inequalities in our community. People living in low-
income communities are one of the groups that suffer from these disparities. They suffer
from a higher prevalence of obesity as discussed earlier. They also lack access to effective

treatment and preventive measures. They suffer from overall lower levels of education
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Figure 1.
Obesity prevalence among adults, by household income (percentage of FPL) and sex—National Health and
Nutrition Examination Survey, 1999—2002 to 2011-2014.
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and get lower occupational and other opportunities. This same group also includes
certain racial and ethnic minorities, which are already a disadvantaged group [6].

Since obesity prevalence has been on the rise, there is undoubtedly a major need
to effectively combat the obesity epidemic. The focus of implementing effective
strategies in low-income populations can be challenging. The first step to being able to
reform and create equity for this community is understanding this inequity and dis-
parity exist. This understanding will help to allocate resources appropriately among
these disadvantaged groups and close the healthcare gap.

3. Understand potential etiologies

For the implementation of health reform, we need to know why such problems
exist. So, let us dig in deeper. Several factors lead to an increased prevalence of obe-
sity in low-income communities. In most cases, there is a combination of factors that
contribute. A lot of these factors are also interconnected with each other.

3.1 Financial crunch

Obesity in a low-income population comes down to a lack of money for healthy
food options. Low income leads to low-quality food. To eat a decent quality meal every
day, it can cost significantly more for a person who is living on a minimum wage.
Many people in this society barely make their ends meet taking in the cheapest food
and drink which include inferior-quality nutrients. Unfortunately, good and healthy
food are more expensive options [2], which leads these folks to steer away from these
options.

3.2 Lack of education

There are also a lot of nutritional misconceptions in low-income populations. This
unfortunately flows through their successive generations. There is a lack of education
on how food creates good health versus makes you sick. Children learn from adults as
they also lack getting a good education. When adults in families do not eat vegetables
daily and have sugary beverages [6], the following generation feels it is acceptable to
eat junk food and then the tradition continues.

3.3 Food insecurity

Low-income communities suffer from food insecurity. Food insecurity is the
uncertainty of having or inability to acquire sufficient food [2, 3, 6]. It leads to several
unhealthy behaviors. They grab and consume what they get. Families mostly choose
energy-dense food such as sugars, cereals, potatoes, and processed meat products
as these foods are more affordable, readily available, and last longer than fresh
vegetables, fruits, lean meats, and fish. The food stamp program, now known as the
Supplemental Nutritional Assistance Program (SNAP), was developed to combat food
insecurity in low-income communities [6]. SNAP program provides mostly energy-
dense food and lacks fresh and healthful food options [6].

Furthermore, food-insecure families also have limited knowledge, time, and
resources to engage in healthful eating and exercise. They are all busy running around
and working hard to provide for themselves and their families.
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3.4 Poor access/resources to fresh food

This is the most saddening part. Not only do they not know what healthy food is,
but people who live in poor communities also have poor access to fresh food. These
areas are hence termed “food deserts” [3]. The food stamp program developed to
combat food insecurity in low-income populations has poorer access to fresh food,
and increased access to energy-dense food. Food insecurity has improved since then
with a surplus of food, though mostly processed [6]. However, there has been very
little change in how the SNAP program rolls out since its inception [6]. This leads to
continued poor access to the resources to fresh food in low-income populations.

3.5 Stressful life

Economic insecurity due to low income leads to increased stress. The society they
live in is also crime-ridden [3]. Many people are worried about their own or their
family’s survival, about gunshots, police abuse, and about society holding them down
and not educating them and therefore the jobs they deserve. They sleep with one eye
open, in fear, night terrors, and fear due to an insecure society and environment. We
all know how stress and anxiety play a role in our hormonal control and hormonal
aberrations leading to obesity. People cope with stress by eating unhealthy high-fat
sugary and processed food. They also lack adequate sleep. This disrupts their circa-
dian rhythm leading to hormonal aberrations and eventually obesity.

3.6 Sedentary lifestyle

Several factors play a role in this. Low-income communities are crime-ridden,
preventing people from being active outdoors. There are also fewer available parks
and sports facilities in those communities [3]. Due to a lack of income, affording a
gym membership, sports clothing, and exercise equipment are also out of the ques-
tion [2, 3]. There might be people who are working double shifts to provide for their
families, leaving very much less time to indulge in their well-being.

3.7 Racial/ethnic effect

Low-income communities also have a higher number of ethnic minority popula-
tions and hence incorporate all the racial or ethnic health disparities. As we all know,
obesity is more common in certain racial and ethnic minatory groups [6].

4. Understand potential solutions

As complex as the disease of obesity is, equally complex is its management.
Prevention is undoubtedly the best strategy. Not one strategy leads to success in com-
bating obesity in low-income communities but requires a combination of strategies.
Failure of certain focused studies like COPTR studies, and the GEMS trial [7] empha-
sizes how important it is that a combined broader focus on the social, economic, and
physical environment is needed to prevent obesity in low-income communities.

This was described by Kumanyika et al. with their equity-oriented obesity preven-
tion framework (Figure 2) [7, 8]. The framework involves four different quadrants
with each quadrant specifically addressing different intervention approaches. The
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Promotion of unhealthy products

Food retail and provision

Schools and worksites Higher costs of healthy foods
Built environment Threats to personal safety
Parks and recreation Discrimination
Transport Social exclusion

Anti-hunger programs
Economic development

Empowered communities
Strategic partnerships

Legal services Entrepreneurship
Education and job training Behavior change knowledge and skill
Housing subsidies; tax credits Promotion of healthy behaviors

Figure 2.
The equity-oriented obesity prevention framework. Adapted from Kumanyika et al. [8].

upper quadrants include how to increase healthy eating options and improve physical
activity along with how to reduce deterrents leading to unhealthy eating and reduced
physical activity. The bottom quadrants include improving individual and community
resources and the capacity to support them. These focus on addressing health dispari-
ties and food insecurities with the development of different public health policies to
improve social determinants of health.

4.1 Preventive strategies

The preventive strategies include not only dietary and physical activities but also
include various regulatory and educational strategies [7].

4.1.1 Dietary strategies

Different educational and environmental dietary interventions can be imple-
mented at multiple levels [9]. At a consumer level, different strategies that can be
used or tried are price manipulation to promote healthier food, posters/flyers/shelf
labels, interactive sessions like taste testing healthier food, and promotional give-
aways /incentivizing healthier food purchases with point of purchase promotions [9].

Improvising policy-level reforms such as increasing the availability of targeted
food items, implementing a food labeling system to increase awareness of food
ingredients with the number of calories, sugar, saturated fat, and sodium in a prod-
uct, and increasing access to healthy food by incorporating healthy food supply chain
rather than processed food [9]. Improved access to healthy food could reduce food
insecurity. The New York Green Carts program used mobile food carts to offer fresh
produce in certain poor neighborhoods. Understandably, this will involve extensive
collaborations and planning with city council members, city health authorities,
department leaders, local and regional retailers, and local community organization
representatives [9].
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Regulatory strategies at certain places such as schools could also be taken up to
combat this problem. Eliminating soft drink vending machines in school, regulating
food advertising to children in school, and mandating nutrition labeling can be some
reforms that can be made. These are to educate people from low-income communities
regarding their healthful vs. unhealthful food choices.

4.1.2 Physical activity strategies

Texts, letters, or telephone calls to promote playground use (as used in COPTR
trial) [7]; school hip hop and African and step dance classes (as used in GEMS trials)
[7] are different strategies used in different low-income community-based studies.
Family-based intervention is used to reduce screen media time.

Furthermore, children may not be physically active unless efforts to improve
neighborhood safety are made or provide them with places to play. Individuals do not
improve until the community is strong and improved. We need to provide the com-
munity with adequate resources, safety, and opportunities [2].

4.1.3 Redesigning food stamp program

Redesigning the food stamp program could have a widespread impact on the
health of food stamp recipients, who are the low-income communities. The food
stamp program was first established as a pilot project to stabilize agricultural prices by
stimulating the consumption of surplus farm commodities and alleviating hunger by
providing additional calories to the recipients. Nutritional needs have now changed,
nevertheless, the food stamp program operates for the same traditional norm. There
needs to be a shift in emphasis on the program from calories to diet quality, from low-
nutrient high energy-dense food to high-nutrient low energy-dense food. E.g., whole
wheat bread instead of doughnuts. This change will lead the food industry to create
low-cost palatable food products that are healthier and provide more fresh fruits and
vegetables as options for consumers.

4.1.4 Improving school and head start programs

Schools and Head Start programs which include comprehensive health, nutrition,
and education services to children are key influencers to combat childhood and youth
obesity. Our youngsters spend a lot of time in them, and these are valued community
institutions. Incorporating physical activities and good nutrition into school and
preschool programs can create an enormous difference.

4.2 Treatment strategies

The leading strategy to help obesity in a poor environment is counseling.
Dietary counseling and educating them about different diets and their nutritional
values is especially important [10]. We need to provide all the education as this is
their only resource. A randomized trial testing a high-intensity, lifestyle-based
treatment program delivered in an underserved community showed a significant
weight loss at 24 months [10]. Behavioral treatment strategies to steer them from
fast food and get them to cook meals at home and hunt for vegetables in the
grocery store remain the mainstay strategy for obesity management in low-income
populations.
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Most of the low-income individuals will be covered under the medical health plan
from the state. Unfortunately, obesity care is still not an approved condition for which
they can seek care under these plans. Hence the struggle for management is still pres-
ent. Some medications are approved to be used for obesity. However, insurance cover-
age and costs associated with these medications are still outrageous and out of reach for
these folks. Phentermine and topiramate are generic medications and certainly can be
an option for treatment. Another combination of medication which includes bupro-
pion and naltrexone can also be a cost-effective option for treatment. GLP1 receptor
agonists and now GIP agonists are novel agents for obesity management, however,
these are expensive and not always covered under the medical card. Semaglutide,
one of the newest GLP1 receptor agonists, is approved for diabetes management in a
lower dose. These have recently been placed under the formulary and can be used but
most of the time these require prior authorization. The process of prior authorization
is cumbersome and since care and coverage for obesity is still not an approved condi-
tion, these will still be unreachable goals at this time. This can delay the promptness in
instituting these medications for the management of their weight, unfortunately. Some
of the other GLP1 receptor agonists, like dulaglutide, though not approved for weight
loss, can be used for treatment as these have more recently been under formulary in
Medicaid plans. Metformin can be used off-label for weight loss, which can offset some
of their weight, but it has not been shown to have a significant decrease in weight.

The low-income folks also suffer from grief, depression, anxiety, insomnia, weight
stigma, and discrimination. They might be on multiple different medications that can
cause weight gain. Working with them and tapering or adjusting some medications
to counteract their weight gain side effects can be a helpful strategy to help with their
obesity. Metformin can be used to counteract the weight-gaining properties of some
psychotropic medications.

Surgery for obesity is not covered under a lot of health plans and particularly for
the low income, it is still out of the question.

Furthermore, follow-up care in low-income populations is scarce. The no-show
rate is plentiful. Their priority for self-care is low. These may not be entirely because
of their choice. Their jobs may not offer time off; patients may be working two full-
time jobs just to make enough to pay the bills. These all come into play.

Moreover, there might also be this weight stigma and discrimination that dis-
courages them from seeking care. We also need to understand this. Our goal is to
be nonjudgmental about their weight in our day-to-day practice, respect them, and
understand these social determinants of health. No one wants to be unhealthy. We
need to provide adequate guidance and create a supporting community that they can
rely on to achieve their goals. Instead of pointing it out, let us help them to fight this
battle.

The Healthcare Reform (The Patient Protection and Affordable Care Act P.L.
111-148) was devised in 2010 to help bridge these gaps to help care for obesity in the
United States [11].

5. The cause or the effect?

There has also been a concept of reverse causality [1]. People suffering from obe-
sity tend to also suffer from labor discrimination [1]. They are likely to be perceived
as lazy, unsuccessful, weak-willed, and undisciplined [1]. This leads them to conquer
low-income jobs in a labor market leading to poverty [1]. These negative energies in
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the community among people who suffer from obesity further increase higher levels
of psychosocial stressors, higher insecurity, social isolation, and mental disorders [1].
This further leads to increased poverty and a higher risk of obesity. One systematic
literature search which included 21 studies, from January 2017 suggested strong
reverse causality than the causality [1]. However, more studies are needed to further
elaborate this relationship [1].

6. Conclusion

Whether it is the cause or effect that came first, one thing is for fact from our
observations that these create a cycle of events. The low-income communities experi-
ence disparity in health leading to obesity and experience inequity in their obesity
care. Inequity in obesity care further leads to obesity. Health reforms involving a
combination of strategies at social, economic, and community levels are required to
break this cycle and create equity.
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Chapter 5

Understanding and Managing
Obesity: A Multidisciplinary
Approach

Maryam Alkhatry

Abstract

Obesity emerges as a critical public health threat, with numerous nations
witnessing a staggering surge in prevalence over recent decades. This escalating
health crisis increases the risk of diseases, including type 2 diabetes mellitus, fatty
liver disease, hypertension, cardiovascular diseases, dementia, osteoarthritis, and
various cancers, contributing to morbidity and mortality. The consequences of obe-
sity extend beyond health, including unemployment, social disparities, and impaired
quality of life. The ineffectiveness of conventional methods to control obesity high-
lights the need for a new approach to public policy that shifts away from an emphasis
on individual behavior change toward strategies that address environmental factors.
The role of a multidisciplinary team, including nurses, dietitians, and psycholo-
gists, to support patients through their weight loss journey should not be neglected.
Multidisciplinary management of obesity has been recognized as an effective means
to improve weight loss and associated health outcomes.

Keywords: obesity, weight loss, multidisciplinary, comorbidities, prevention

1. Introduction

Obesity, defined as an excess accumulation of body fat, is a serious health
condition and a public health threat that continues to be on the rise worldwide [1].

In 2016, more than 1.9 billion adults worldwide were overweight, and 650 million of
them, accounting for 15% of the world’s adult population, were classified as obese
by the WHO Global Health Observatory [2, 3]. Owing to the significant and rapid
increase in obesity prevalence globally, the condition has been classified as a pan-
demic, similar to the COVID-19 pandemic [2].

The alarming increase in the prevalence of obesity could be attributed to multiple
factors such as urbanization, sedentary lifestyle, and the consumption of high-calorie
processed foods. Unfortunately, childhood obesity rates are also increasing, which
could lead to a greater burden on healthcare systems in the future [1]. Around 38.2
million children under the age of five were considered obese in 2019, and more than
340 million children and adolescents between the ages of 5-19 were overweight or
obese in 2016 [3]. Obesity is no longer considered a disease specific to high-income
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countries. Overweight and obesity are increasing in low- and middle-income
countries all the same [2-4].

Obesity contributes to global morbidity and mortality, with around 2.8 million
people dying yearly due to overweight or obesity [2]. Preventing obesity is crucial in
reducing the risk of developing related health issues such as diabetes, cardiovascular
disease, stroke, hypertension, cancer, and psychological problems [1].

The ineffectiveness of conventional methods to control obesity highlights the need
for a new approach to public policy that is non-stigmatizing. This requires shifting
away from an emphasis on individual behavior change toward strategies that address
environmental factors. Another significant challenge related to overweight, and obe-
sity is weight bias and discrimination. Obese individuals often experience discrimina-
tion in various public settings such as work environments, healthcare facilities, and
educational institutions [1].

This chapter explores the burden imposed by obesity, its consequences, cur-
rent management strategies, and the pivotal role of a multidisciplinary approach in
addressing this pressing global health challenge.

2. Obesity: the global pandemic
2.1 Definition and classification

A little over a decade ago, the American Medical Association (AMA) officially
declared obesity as a chronic disease that requires treatment and prevention [5].
Obesity has been identified as a chronic relapsing progressive disease similar to other
chronic disorders, such as hypertension [5, 6].

In order to evaluate the impact of obesity, it is important to first understand what
obesity is. According to the World Health Organization (WHO), obesity is “abnormal
or excessive fat accumulation that may impair health, caused by energy imbalance
between calories consumed and calories expended” [3, 7].

Obesity can be diagnosed using the “body mass index” (BMI), which is measured
by calculating [(weight in kg)/(height in m*)]. Although there are some debates
regarding the use of BMI, it remains the most common and the simplest tool used to

<«

classify adults into one of three categories: “underweight,” “overweight,” or “obese”
(Table1) [7, 8].

This WHO classification can detect individuals at increased risk of developing
associated comorbidities and, consequently, death due to obesity [7, 8].

BMI (kg/mz) Class

25-29.9 Overweight

30-34.9 Class I obesity

35-39.9 Class IT obesity

>40 Class III obesity
Table 1.

Classes of obesity in adults.
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2.2 Underlying factors and causes

Obesity is a complex problem that cannot be solved with a single or simple
solution. It is a multifactorial issue that requires a multifactorial approach. The causes
of obesity are extremely intricate, but they ultimately result in an energy imbalance
between the calories consumed and the calories expended. Societal and environmen-
tal changes cannot be ignored as they lead to changes in dietary habits and physical
activity. Other factors that contribute to obesity include gender, ethnicity, socioeco-
nomic status, and genetics [7].

Despite recent research on obesity’s genetic and epigenetic influences, obesity is
still regarded as an acquired disease that develops due to lifestyle patterns and per-
sonal choices, including sedentary lifestyles and a tendency to overeat [7].

It is also worth mentioning that binge eating disorder (BED) is often linked
to obesity [9, 10]. BED is the most prevalent eating disorder among the general
population, and those who have it are more likely to experience both physical and
psychiatric comorbidities. BED is known to be associated with an earlier onset of
being overweight and a history of obesity. Furthermore, it is independently linked to
an increased risk of physical comorbidities such as diabetes, hypertension, back/neck
pain, chronic headaches, and various other types of chronic pain [10].

It is crucial to comprehend the root causes and contributing factors that lead to
obesity. This understanding is vital for the creation of effective policies and programs
aimed at preventing obesity and its associated complications. Without a detailed,
science-based understanding of the risk factors and their interconnections, efforts to
combat obesity are unlikely to succeed [7].

3. Obesity burden
3.1 Health consequences of obesity

Obesity has been linked to various health consequences and comorbidities.
Overweight and obesity are the most common risk factors for the development of
numerous associated health conditions that not only adversely affect individuals but
also create significant challenges for healthcare systems (Figure1) [1, 7, 8].

3.1.1 Cardiovascular diseases

Obesity significantly raises the risk of cardiovascular diseases (CVDs), including
hypertension, coronary artery disease, and stroke [3, 8]. The surplus adipose tissue
contributes to increased blood pressure, dyslipidemia, and systemic inflammation,
collectively fostering the development of atherosclerosis [11].

3.1.2 Type 2 diabetes
The correlation between obesity and type 2 diabetes is firmly established.
Excessive adipose tissue, particularly visceral fat, plays a role in insulin resistance

and the onset of diabetes [12]. The escalating prevalence of obesity has substantially
fueled the global diabetes epidemic [13].
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Figure 1.
Underlying causes and consequences of obesity.

3.1.3 Cancer

Recent data suggests that approximately 4-8% of all cancer cases are connected to
obesity. Although the exact mechanism remains unclear, obesity has been correlated
with various prevalent cancers such as those affecting the liver, breast, colorectal, and
endometrium [14].

3.1.4 Psychological impact

Obesity is linked to an elevated risk of mental health disorders, including
depression and anxiety [15]. Stigma and discrimination related to body weight can
intensify psychological distress, creating a challenging cycle for individuals dealing
with obesity [15].

3.1.4.1 Depression and anxiety

Obesity is strongly associated with an increased risk of depression and anxiety
disorders. The stigma and societal prejudice faced by individuals with obesity can
lead to negative self-perception and contribute to the development or exacerbation of
mental health conditions [15]. Coping with body image issues, societal pressures, and
discrimination can result in heightened levels of stress, leading to a vicious cycle of
emotional distress.

3.1.4.2 Eating disorders

Obesity is linked to various eating disorders, including binge eating disorder
(BED) and emotional eating. The interplay between psychological factors and
disordered eating behaviors can contribute to the maintenance of obesity and hinder
successful weight management efforts [16].
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3.1.4.3 Low self-esteem and body image disturbances

Individuals with obesity often face challenges related to body image and
self-esteem. Social comparisons and unrealistic societal standards can contribute to
negative body image, impacting self-worth and self-perception [17].

3.1.5 Obesity in women

Obesity has a significant impact on reproductive health in women, and one of the
most common reproductive disorders is PCOS, which can be impaired or even caused
by visceral obesity [18]. Obesity negatively affects fertility and contraception in
women due to hormonal and metabolic alterations.

During pregnancy, obesity is associated with various complications. It increases
the risk of early loss of pregnancy, higher rates of cesarean section, and high-risk
obstetrical conditions. Maternal and neonatal mortality rates are also higher in obese
women, and there is an increased risk of congenital malformations. Abnormal weight
gain during pregnancy further worsens maternal health.

In addition to these reproductive health issues, obesity in women is closely linked
to other health problems. It is associated with an increased risk of certain types of
cancer, including breast, endometrial, gallbladder, esophageal, and renal cancer.
Obesity is also closely linked to mental health disorders such as depression, anxiety
disorders, neurodegenerative diseases, and sleep disorders.

Overall, obesity in women has significant consequences for both physical and
mental health, and it is important to address and manage obesity to prevent these
complications and improve overall well-being [18].

3.2 Economic and societal implications

1. Healthcare costs: the economic repercussions of obesity extend to healthcare
costs, with obesity-related illnesses significantly contributing to global medical
expenses [19]. Direct medical costs for treating obesity and indirect costs related
to productivity losses constitute a considerable economic burden.

2. Workplace productivity: obesity is associated with reduced workplace productiv-
ity due to absenteeism, presenteeism, and disability [20]. Health-related limita-
tions imposed by obesity can impede individuals’ full participation in work-
related activities, affecting overall productivity.

3.Social stigma and discrimination: individuals with obesity often experience
societal prejudice and discrimination, leading to social exclusion and negative
impacts on mental health [17]. Stigmatization can impede efforts to seek health-
care and perpetuate a cycle of weight gain.

4. Consequences of inaction
4.1 Escalating public health challenges

Despite the well-documented health risks associated with obesity, a failure to
address this global issue leads to escalating public health challenges. The rising preva-

lence of obesity contributes to a higher incidence of chronic conditions, putting an
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additional strain on healthcare systems worldwide [21]. This inaction exacerbates the
burden of preventable diseases, contributing to increased mortality rates and reduced
overall life expectancy [22].

4.2 Long-term effects on individuals and communities

Inaction regarding obesity has profound long-term effects on both individuals and
communities. Individuals with untreated obesity face a heightened risk of developing
severe health complications, including cardiovascular diseases, diabetes, and certain
cancers [23]. Moreover, the intergenerational transmission of unhealthy lifestyles per-
petuates the cycle of obesity, leading to a compounding effect on future generations [24].

5. Current treatment approaches

Management is a challenging task as weight loss is often followed by weight regain.
Due to the associated metabolic changes that co-occur, obesity has been labeled a
“chronic relapsing progressive disease” [6]. Eating less and exercising are not enough
to achieve sustainable results. The management of obesity has included an array of
interventions in recent years, including pharmacological treatment, endoscopic and
surgical interventions, alongside dietary changes, other lifestyle changes such as
exercise, and counseling [8].

While procedural interventions, such as bariatric surgery and endoscopic therapy,
offer numerous advantages in terms of weight loss and reducing comorbidities, they
are accompanied by side effects and may not be a viable option for every patient [8].
Therefore, these interventions should be employed not as substitutes but as comple-
mentary measures to other nonoperative approaches in the management of obesity.
This includes incorporating dietary and lifestyle modifications, providing psychoso-
cial counseling, and considering pharmacotherapy [8].

While it might seem like individuals are mainly responsible for their habits, such
as eating and exercising, these behaviors are often shaped by the society we belong to.
Changes in our surroundings, such as health policies, transportation, and education,
can significantly affect our habits. In the absence of supportive policies in different
sectors such as health, agriculture, and education, simply advising people to eat better
or exercise more may not be very effective. The World Health Organization (WHO)
emphasizes the need to encourage healthy eating and more physical activity for
everyone through policies and actions in society [8].

5.1 Lifestyle interventions

There is evidence to support the role of lifestyle and behavioral intervention in
weight loss. Obesity management should include monitoring caloric intake, physical
exercise, and exercising control over food through behavioral therapy [25]. A com-
prehensive lifestyle intervention through diet, exercise, and behavioral modifications
is recommended for individuals with a BMI > 25 kg/m? [25]. It is built on three pillars:

5.1.1 Diet

The rapid urbanization has led to a predominant diet of fast foods, sweets, and
processed snacks [26]. Patients aiming to lose weight should seek the help of a
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nutrition specialist or an expert dietitian who would be able to prescribe an indi-
vidualized and tailored meal plan specific to their needs, health conditions, and food
preferences. The diet should aim to elicit an energy deficit of 500-750 kcal/day com-
pared to the patient’s current calorie intake. Overall guidance would be to prescribe
1200-1500 kcal/day for women and 1500-1800 kcal/day for men. Regular follow-up
and assessment of patient adherence to the meal plan is recommended, and changes
should be implemented depending on their ability to follow the diet.

5.1.2 Physical activity

Physical activity and movement are part of comprehensive lifestyle interventions
for effective weight loss. Increased aerobic physical activity (such as brisk walking) is
recommended for >150 min/week. Higher levels of physical activity, approximately
200-300 min/week, are recommended to maintain lost weight or minimize weight
regain in the long term (>1 year). A combination of a moderately reduced caloric diet
and exercise is more effective at reducing weight and maintaining weight loss com-
pared to either intervention alone.

5.1.3 Behavioral therapy

A comprehensive lifestyle intervention usually includes a structured behavior
change program that includes regular self-monitoring of food intake, physical activ-
ity, and weight. These same behaviors are recommended to maintain lost weight with
the addition of frequent monitoring of body weight.

An in-depth psychological assessment is necessary to identify factors that may hinder
goals for weight loss. While some patients can achieve their weight loss goals with little to
no psychological intervention, others need psychological support to resolve factors that
can pose a risk to the weight loss plan. Common psychiatric disorders that may coexist
with obesity are depression, anxiety, and binge eating disorder. These disorders can
affect patients’ eating habits and lower their tendency to follow a weight loss program.

A multifactorial, comprehensive lifestyle program that revolves around the three
above pillars, which include a reduction in calorie intake, an increase in physical activ-
ity, and measures to support behavioral change, is recommended as a baseline therapy
in all overweight and obese patients according to the guidelines reviewed.

5.2 Pharmacological weight reduction

All recent guidelines mention pharmacologic therapy as an effective treatment
modality for obesity [8, 27-29]. The guidelines recommend pharmacotherapy for
the treatment of obesity to be considered in patients with a BMI > 30 kg/m” with no
comorbidities or BMI > 27 kg/m® with comorbidities and used in addition to lifestyle
intervention. When lifestyle interventions alone fail at reducing a patient’s weight,
pharmacotherapy is also recommended. Pharmacological weight reduction should
only be maintained when a person has lost at least 5% of their initial body weight
during the first 3 months or at least 2 kg during the first 4 weeks of treatment. In
some patients with obesity, anti-obesity medications should be considered for chronic
weight maintenance.

The choice of weight loss medication should take into account multiple factors,
including contraindications and safety profile, associated comorbidities, efficacy,
cost, and availability [25].
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5.3 Bariatric surgery

The American Society for Metabolic and Bariatric Surgery (ASMBS) and the
International Federation for the Surgery of Obesity and Metabolic Disorders (IFSO)
have released new guidelines for metabolic and bariatric surgery in 2022. The recom-
mendations state that individuals with a BMI of >35 kg/m” should consider metabolic
and bariatric surgery, regardless of any comorbidities. Metabolic and bariatric
surgery should also be considered for individuals with metabolic disease and a BMI
of 30-34.9 kg/m”* [30].

Long-term data consistently demonstrate the safety, efficacy, and durability of
metabolic bariatric surgeries in the treatment of severe obesity and its comorbidities,
resulting in reduced mortality compared to conventional treatment approaches. It has
been proved that bariatric surgeries provide superior weight loss outcomes compared
to nonsurgical approaches. Benefits beyond weight loss, including improvement
of metabolic disease and decrease in overall mortality, were also observed [30, 31].
On the other side, it is worth mentioning that patients need to go through a strict
assessment to be eligible for surgery. Patients must be physically and psychologically
capable of undergoing surgery and comply with post-surgery instructions. Common
complications of surgery include weight regain and surgical complications such
as hemorrhage, anastomotic leak, bowel perforation, and bowel obstruction [32].
While the cost of bariatric surgery is higher compared to conventional treatment,
studies have investigated the cost-effectiveness of this therapeutic modality. Bariatric
surgery might be a cost-effective intervention for moderately to severely obese people
as opposed to nonsurgical interventions. However, more data is needed to establish
conclusions [32, 33].

5.4 Endoscopic management of obesity

One of the recent interventions recommended for the management of obesity is
endoscopic bariatric therapies (EBTs). EBTs are considered a treatment option that
provides superior efficacy to pharmacotherapy and a safer and less invasive alterna-
tive to traditional surgical treatment. The cost of some endoscopic treatments may
also be lower than those of bariatric surgery [34].

EBTs increase the total body weight loss and improve metabolic profile as observed
with bariatric surgeries.

Even though there are no formal guidelines for EBTs, the American Society for
Gastrointestinal Endoscopy (ASGE) has issued a guidance on the use of EBTs in
patients with obesity [35]. According to their recommendations, EBTs are recom-
mended for patients who have failed nonsurgical weight loss or weight maintenance
with lifestyle intervention alone and have medical conditions requiring weight loss for
additional benefits [35].

Recently published guidelines of the American Association of Clinical
Endocrinologists (AACE), the Obesity Society (TOS), and the American Society for
Metabolic and Bariatric Surgery (ASMBS) have also included endoscopic bariatric
and metabolic therapies as part of their recommendations [30]. The 2022 American
Society for Metabolic and Bariatric Surgery (ASMBS) and International Federation
for the Surgery of Obesity and Metabolic Disorders (IFSO) guidelines recom-
mended metabolic and bariatric surgery (MBS) for individuals with a body mass
index (BMI) 35 kg/m? regardless of presence, absence, or severity of comorbidities.
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MBS should be considered for individuals with metabolic disease and a BMI of
30-34.9 kg/m” [30].

Endoscopic bariatric therapies (EBTs) mainly involve the stomach, but they
also include remodeling procedures for the duodenum or small bowel [28]. Gastric
interventions work on the receptors in the gastric fundus to delay gastric emptying
and alter orexigenic hormones, whereas small bowel interventions act by bypassing
the stomach to affect satiety and gastric motility [34].

The currently available EBTs include endoluminal procedures such as an intragastric
balloon (IGB) placement, endoscopic sleeve gastroplasty (ESG), gastric bypass revi-
sion, and aspiration therapy, among others. These procedures are divided into two
categories based on the mechanism of action into restrictive or malabsorptive. Both
methods enhance weight loss by altering gastric motility, hormones, and function [34].

6. Multidisciplinary management of obesity

Addressing obesity requires a comprehensive and integrated approach that
involves collaboration among various healthcare professionals. A multidisciplinary
management strategy acknowledges the multifaceted nature of obesity and tailors
interventions to individual needs, considering both physical and psychological
aspects. Healthcare providers, medical authorities, governments, and insurers should
recognize and treat obesity as a chronic disease, using a multidisciplinary team
approach similar to that used for other chronic diseases, such as diabetes and cancer.

Since obesity is a leading cause of chronic disease, disability, and increased health-
care costs, all medical and public authorities should cooperate to address this problem
systematically.

7. The role of healthcare professionals
7.1 Physicians and nurses

Physicians play a pivotal role in diagnosing and treating obesity-related
comorbidities. Nurses, as frontline healthcare providers, contribute significantly to
patient education and follow-up care [36]. Together, they form the primary healthcare
team responsible for coordinating patient care and monitoring progress.
7.2 Dietitians and nutritionists

Dietitians and nutritionists focus on developing personalized dietary plans,
considering nutritional needs, preferences, and cultural factors. Nutritional guidance
is essential for sustainable weight management and overall well-being [37].
7.3 Psychologists and mental health experts

Psychological factors contribute significantly to obesity, and psychologists play
a crucial role in addressing emotional eating, body image issues, and underlying

mental health concerns. Integrating mental health expertise into obesity management
enhances treatment outcomes [38].
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7.4 Physical therapists and exercise specialists

Physical activity is a cornerstone of obesity management, and the expertise of
physical therapists and exercise specialists is invaluable. Tailored exercise programs
not only contribute to weight loss but also improve overall fitness and reduce obesity-
related health risks [39].

Effective obesity management requires seamless communication and collabo-
ration among healthcare professionals. Regular interdisciplinary team meetings
facilitate a holistic understanding of the patient’s needs and enhance treatment
strategies [8]. A patient-centered approach is fundamental to successful multidisci-
plinary management. Involving patients in decision-making, setting realistic goals,
and considering their preferences enhances treatment adherence and long-term
success [40].

Several initiatives have been taken by globally recognizable bodies to halt
the progress of the obesity epidemic [41-43]. Interventions, such as dietary
modifications, physical activity, lifestyle changes, pharmacologic treatment,
bariatric surgery, and minimally invasive endoscopic surgery, are recommended
for people who are overweight or obese [27]. Family physicians and primary
healthcare physicians play an essential role in helping patients achieve their weight
loss goals. The role of a multidisciplinary team, including nurses, dietitians, and
psychologists to support patients through their weight loss journey, should not be
neglected [44].

Multidisciplinary management of obesity has been recognized as an effec-
tive means to improve weight loss and associated health outcomes [45, 46]. The
need for multiple stakeholders in this process is rooted in the multifactorial nature
of the disease, which has genetic, social, dietary, cultural, and psychological
factors [47]. There is a need to create policies that lead to social and behavioral
changes that sustainably impact obesity. In addition, there is an emphasis on the
importance of tackling obesity through collaboration across multiple domains
between healthcare professionals (HCPs). At the same time, a broader strategy
incorporating multiple disciplines acting on implementing lifestyle changes
produces more tangible and long-lasting outcomes [44]. Effective approaches to
tackling obesity in the early stages include one-to-one sessions for over six months
led by various healthcare team members because weight loss requires commitment
from the client and the specialist [44-48]. Group-based interventions have also
proved beneficial for patients in terms of weight loss, providing group support,
and other therapeutic benefits, including HbAlc and systolic pressure improve-
ment. From a socioeconomic perspective, group-based interventions facilitate
access to care for a large number of patients at the same time while efficiently
utilizing staff efforts [49].

In some patients, medication and lifestyle changes have been shown to have a
minor impact on weight loss. Although bariatric surgery has been demonstrated
to be effective in the treatment of obesity, many patients are afraid of surger-
ies and dread their long-term side effects [34]. Using state-of-the-art technol-
ogy, bariatric endoscopy can replicate weight reduction surgery without the
comorbidities [34].

According to the latest guidelines from the Obesity Medicine Association, obesity
management follows a pathway that starts with data collection and ends with inter-
ventions provided by HCPs at various levels, including dietitians, behavioral thera-
pists, physicians, surgeons, and other professionals [50].
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8. Conclusion

In this book chapter, we embarked on a comprehensive exploration of the
multifaceted landscape of obesity, delving into its burden, consequences, current
management approaches, and the pivotal role of multidisciplinary care. Our explo-
ration of the complex relationship between biology, behavior, and societal factors
uncovered the impact of obesity on physical and mental health.

From the epidemiological rise of obesity to its profound consequences on car-
diovascular health, mental well-being, and societal structures, it became evident
that obesity extends far beyond a mere issue of body weight. The economic burdens,
workplace implications, and the perpetuation of a cycle of chronic diseases under-
scored the urgency of addressing this global health challenge.

Navigating through different management approaches, we analyzed lifestyle
interventions, medications, and surgeries. Each option has its own considerations and
effectiveness, emphasizing the need for personalized treatment plans.

In our exploration of multidisciplinary management, we emphasized the indis-
pensable roles of healthcare professionals from diverse fields—physicians, nurses,
dietitians, psychologists, physical therapists, and more. The collaborative efforts
of these professionals create a holistic framework, addressing not only the physical
aspects of obesity but also the psychological and behavioral components crucial for
sustained success.

As we conclude this chapter, we stand at the intersection of challenges and
opportunities in the realm of obesity. The path forward demands a united front—
researchers, healthcare professionals, policymakers, and communities—to unravel
the complexities of obesity and forge innovative solutions. With a commitment to
multidisciplinary care, a deep understanding of the social determinants at play, and
a focus on prevention and early intervention, we can envision a future where the
burden of obesity is mitigated, and individuals thrive in both physical and mental
well-being.

As we continue working toward a healthier world, our combined efforts can bring
about significant change, freeing ourselves from the weight of obesity and building a
society where everyone can enjoy a lively and fulfilling life.
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Chapter 6

The Badly Behaving Brain: How

Ultra-Processed Food Addiction
Thwarts Sustained Weight Loss

Susan Peirce Thompson and Andrew Kurt Thaw

Abstract

Global obesity rates continue to rise, despite billions spent annually on weight
loss. Sustained success is rare; recidivism is the most common feature of weight loss
attempts. According to the DSM-5 criteria for substance use disorders, the pattern
of ultra-processed food (UPF) overconsumption is best characterized as an addic-
tion. There is significant overlap in how UPF and drugs of abuse impact many brain
systems. Over time, neurological changes result in overpowering cravings, insatiable
hunger, and a willpower gap. The Yale Food Addiction Scale 2.0 is a validated and
widely used tool for the diagnosis of UPF addiction. Research on treatment is nascent,
but two weight loss approaches that directly target addiction, GLP-1 agonists and
Bright Line Eating, both decrease hunger and cravings and result in significantly
greater sustained weight loss than other methods. Addressing addiction is an avenue
to weight loss that warrants further study.

Keywords: ultra-processed food addiction, UPF addiction, food addiction, DSM-5
substance use disorder criteria, dopamine downregulation, leptin resistance, impulse
control, cue reactivity, GLP-1 agonists, semaglutide, wegovy, ozempic, bright line
eating, abstinence-based treatment, yale food addiction scale, weight loss

1. Introduction

The World Health Organization declared obesity to be a global epidemic in 1997
[1]. In 2013, the Member States of the World Health Assembly unanimously agreed to
adopt the target that rises in childhood, adolescent, and adult obesity should be halted
at 2010 levels by 2025 [2]. But the rise has not abated; instead, we are on pace to see a
doubling of obesity by 2025 [3]. It is now projected that by 2035, one half of all people
worldwide will be living with overweight or obesity [4]. Co-occurring with this rise
in obesity has been a steady increase in UPF consumption [5]. Mounting evidence
indicates that these trends are related [6-8].

Meanwhile, sustained weight loss is rare [9]. Dieters repeatedly “fall off” and
“get back on” the wagon just like smokers and others with a substance use disorder
who are trying to quit [10]. The extremely poor results of nearly every type of
weight loss approach do not make sense, given how motivated people are to not
be overweight [11] and how much time and money they spend to lose weight [12].
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Even people attempting to lose weight for a needed surgery or to avoid a second
limb amputation due to type 2 diabetes are not likely to be successful [13, 14]. Many
researchers are concluding that addiction is the framework that best explains this
pattern of behavior [15].

Since there is little consensus, currently, regarding whether the proper term
should be “food addiction,” “processed food addiction,” “ultra-processed food
addiction,” or something else (like “eating addiction”), in this article we will use these
terms interchangeably, while defaulting to “ultra-processed food addiction” or UPFA.
Irrespective of the term used, the reality is, as one group of researchers put it, that
“the neurological evidence for overeating as an addiction is extensive” [15]. In this
chapter we will review this evidence, and the implications it has, both for a person
trying to lose weight and a global society trying to support people in being healthy.

First, we will discuss new research on the relationship between UPF and weight
gain. Then we will outline the many brain changes that co-occur with repeated intake
of all drugs of abuse, including UPF. We will discuss fMRI research that sheds light on
the specific elements of UPF that are driving the addictive response, versus those con-
tributing to overeating more broadly. Then we will outline the three main phenomena
that impact people trying to lose weight, which together hijack sound reasoning and
create the “badly behaving brain” that thwarts long-term adherence to a healthy eat-
ing regimen: overpowering cravings, insatiable hunger, and the willpower gap.

The second half of the chapter will explore the diagnosis and treatment of UPFA,
beginning with a review of the diagnostic criteria for substance use disorders in the
DSM-5 and the evidence that excess food consumption meets these criteria. We will
discuss research on the Yale Food Addiction Scale 2.0 and data showing the extent to
which UPFA correlates with BMI, various eating disorders, and type 2 diabetes. Then
we will discuss treatment options for those afflicted. Interestingly, the two current
weight loss approaches that most directly target addiction, GLP-1 weight loss drugs
and Bright Line Eating, are the two non-surgical approaches with the highest rates
of sustained weight loss. Finally, we will explore eight distinct reasons why UPFA is
uniquely challenging and difficult to overcome.

2. Ultra-processed food addiction (UPFA)

The question of whether UPF consumption is a causal contributor to the obesity
pandemic is logically distinct from the question of whether UPF is addictive. Research
shows that both are true [6, 16], and, of course, because many of the features of
addiction—like an inability to control consumption, including difficulty quitting or
moderating—drive UPF overconsumption, these phenomena are deeply related. We
will first address the relationship between the processing of food and its impact on
human weight.

2.1 UPF and weight gain

Until recently, it was unclear that the processing of food was a driver of human
weight gain, separate and apart from its energy density, sugar content, lack of fiber,
or the like. But in 2019, Hall and colleagues published a randomized controlled trial of
ad libitum food intake in 20 weight-stable adults (average BMI 27) who spent 4 weeks
in a metabolic ward [17]. They were randomly assigned to eat either an ultra-pro-
cessed diet or a diet of entirely unprocessed foods for 2 weeks; the groups switched
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diets for the remaining 2 weeks. Importantly, the diets were matched for presented
calories, energy density, protein, carbohydrate, fat, sugar, sodium, and fiber. Subjects
could eat as much as they wanted from the diet they were on, in a structured setting
of meals and snacks. Over the 2 weeks, subjects on the ultra-processed diet ate an
average of 508 extra calories daily and gained significant weight, while subjects on the
unprocessed diet lost significant weight. Subjects did not report preferring the ultra-
processed diet nor enjoying it over the unprocessed diet [17, 18]. Despite the small
sample size, the tightly controlled conditions of this experiment shed light on the
power of food processing, in and of itself, to drive overconsumption and weight gain.
Further evidence of the impact of UPF consumption on weight gain can be found in
the increase of overweight and obesity as fast food outlets and snack foods become
more available within a population [18, 19].

The impact of UPF consumption on weight is sobering, considering that two-
thirds of the calories that children and adolescents consume in the USA today are
UPF [20, 21] and that the prevalence of UPF is rapidly increasing worldwide [19].

For example, in China alone, over 2000 new McDonalds, Pizza Hut, and KFC outlets
opened over the most recent calendar year (2023)—an average of one new fast food
restaurant every 5 hours [22]. Given that the constraints of food delivery and storage
result in ultra-processing being required to optimize profits, these trends are not
likely to decline anytime soon [18].

2.2 UPF and addiction

The earliest studies on the dopamine response curve and addiction in rats did not
use alcohol, opioids, stimulants, caffeine, or tobacco as the addictive agent, they used
glucose [23]. Results showed that dopamine receptor downregulation occurred after
repeated exposure, resulting in cravings. Thereafter, cues that predicted the addictive
reward caused a spike in dopamine, while actual delivery of the addictive agent pro-
duced less and less of an effect [23, 24]. Sweet taste alone drives an addictive response:
consumption of a sweet beverage activates dopaminergic neurons in the midbrain
and then the ventral striatum, wiring the brain to remember the cues associated with
that reward [25]. Rats, when not hungry nor thirsty, who are offered a forced-choice
between a bolus of cocaine or some sips of sweetened water (whether sweetened with
saccharin or sucrose) so strongly prefer the sweet taste that they nearly ignore the
cocaine [26].

In humans, an fMRI study with a crossover design explored whether it was sugar,
fat, or both, that drives the addictive response in the brain. Subjects were given a
sample of a chocolate milkshake matched for flavor but containing high vs. low sugar
and high vs. low fat in a 2x2 design. The presence of high sugar, but not fat, activated
the insula and the associated reward centers of the brain [27]. Salt drives passive
overconsumption of calories but not an addictive response [28]. But foods containing
flour, and other forms of glucose unmitigated by significant fiber (like potato chips
or popcorn), repeatedly score among the most addictive foods [29]. Combinations of
ultra-processed carbohydrates and fats appear to be the most rewarding [30].

As with all addictions, key features of the neurological changes associated with
UPFA include dopamine receptor downregulation [31-33] as well as opiate [34-36],
endocannabinoid [37, 38], and serotonin [39, 40] receptor downregulation. People
with a substance use disorder tend to experience reduced inhibition around their
drug of choice, and this holds true for UPFA and UPF [41]. People with a drug
addiction experience an increased stress response, specifically heightened release of
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corticotropin releasing factor; this same response has been found in those addicted to
UPF [42]. Many entire textbooks and review articles catalog the broad and consistent
body of literature, now totaling thousands of articles, accepting that UPF is addictive
and is associated with the same pattern of neurological and behavioral changes as
drugs of abuse [16, 43-46].

Heightened cue reactivity, especially in early abstinence, is another common
feature of both drug addiction and UPFA [47]. Much like addictive drug use, the
consumption of UPF sensitizes dopaminergic systems [48]. Thus, environmental cues
associated with UPF can both evoke cravings and initiate episodes of binge consump-
tion [49]. In studies examining the neural response to food cues, the brain areas
known to be involved in cue reactivity in response to drugs showed higher activation
with UPF compared to minimally processed foods [50]. In addition, studies using
MRI revealed that both food and smoking cues were associated with increased activa-
tion in almost identical areas—namely the left amygdala, bilateral insula, bilateral
orbitofrontal cortex, and striatum [51, 52]. A wide and heavily replicated literature
shows that the cue reactivity and cue-induced cravings produced by drug and food
cues are nearly identical [53].

Finally, specific impairments in cognitive function are found with extensive use
of both addictive drugs and UPF. For example, exposure to UPF early in life predicts
long-term deficits in both learning and memory [54]. In addition, childhood obesity is
associated with cognitive deficits that may last into adulthood [55-57]. In adults, UPF
consumption impairs cognition [58, 59], and binge eating is associated with deficits in
attention, memory, and inhibition [60].

3. The badly behaving brain

Millions of people are spending time, money, and significant effort trying to lose
weight, only to fail repeatedly. The average dieter makes four or five new attempts
each year [61]. Many experience the strange phenomenon where they launch a new
attempt with confidence and excitement, watch it work awhile, and then find them-
selves heavier than they were before, without a clear idea of what made it all unravel
[62]. Three phenomena—all related to UPF consumption and how it impacts the
brain—are driving this pattern of behavior and experience. We call them overpower-
ing cravings, insatiable hunger, and the willpower gap.

3.1 Overpowering cravings

Dopamine downregulation is the neural substrate of cravings [63]. Initial exposure
to an addictive substance causes a spike in dopamine [64]. The dopamine response
to UPF is not as large as the dopamine response to heroin or cocaine; it’s more like
the response to alcohol or tobacco [65]. Yet, it is larger than the dopamine response
to broccoli or blueberries [66-68], and, over time, it causes downregulation of the
dopamine receptors [69]. This, combined with the downregulation of serotonin,
endocannabinoid, and opiate receptors that also occurs with UPFA [34-40], leaves
a person in a state of discomfort and malaise unless and until they consume more
UPF to get relief [70]. In other words, cravings are both an effort, driven by posi-
tive reinforcement, to experience the release of dopamine, and an effort, driven by
negative reinforcement, to seek relief from a now-unpleasant baseline state [71, 72].
Behavioral examples of such cravings are: driving across town for a specific food to
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scratch a specific itch or wandering through grocery store aisles (or scrolling through
food delivery apps or staring into the refrigerator) wondering what will “hit the spot.”

What makes the cravings “overpowering” is that, with the development of UPFA,
decision making is impaired [58, 59] and inhibition is reduced [41], leaving the
prefrontal cortex unable to effectively counteract the urges generated by the reward
centers of the midbrain [73]. In addition, as addiction develops, the wanting of UPF
increases while the liking of it decreases [74], leaving a person in a chronic state of
yearning that is never satisfied. Over time, as UPF consumption leads to depression
and increased days of poor mental health [75, 76], this pattern becomes increasingly
difficult to break.

3.2 Insatiable hunger

Hunger is thought of as a helpful physiological drive, a signal that more fuel is
needed. Someone starts a meal hungry, and over the course of the meal, the hunger
diminishes or perhaps goes away entirely [77, 78]. The modern hunger that accom-
panies UPFA, however, is “insatiable” precisely because it does not go away over the
course of a meal [79-81]. People eat an entire dinner and then, still wanting more, sit
on the couch with a family-sized bag of chips. Chips gone, they go to the freezer for
ice cream. This is insatiable hunger.

Under normal circumstances, leptin triggers the ventromedial nucleus of the
hypothalamus to signal that adequate fuel has been consumed, effectively regulating
energy homeostasis [82]. Both current consumption of fuel and overall increased
adiposity trigger leptin release from fat cells [83]. Several factors result in leptin
resistance, the inability of the hypothalamus to sense circulating leptin and register
its signal: high baseline insulin levels [84], high triglycerides [85] and inflammation,
especially of the ventromedial nucleus of the hypothalamus [86]. Since UPF con-
sumption causes all three [87-89], regular UPF consumption, with or without addic-
tion, can result in insatiable hunger. This is confirmed by clinical experience—many
people in modern society report that they never, or rarely, feel full [90, 91].

UPF also often delivers a mismatch between what it promises in the mouth and
what it delivers to the stomach, with non-nutritive sweeteners signaling a big bolus
of calories that never arrives and flavor profiles cueing the stomach to expect, for
example, large amounts of fat from a fat-free product. Over time, this disparity also
contributes to insatiable hunger [92, 93].

When leptin was discovered in 1994, pharmaceutical companies spent small for-
tunes attempting to patent the perfect leptin pill or injection that would take away the
desire to eat [94]. But because the problem is leptin resistance, not leptin deficiency,
no amount of exogenous leptin produces satiety [95]. Very low levels of leptin signal
starvation, an urgent situation causing a cascade of hormonal changes that compels
the consumption of large amounts of fuel [96]. Given that leptin resistance mim-
ics this state in the brain [97], the resulting insatiable hunger makes perfect sense.
Furthermore, leptin does not just act on the hypothalamus, it also acts on the brain
stem [98], making prolonged calorie restriction in the face of insatiable hunger about
as doable as holding your breath while slowly climbing a long flight of stairs.

3.3 The willpower gap

In an experience sampling study published in 2012, Hofmann and colleagues
concluded that people are resisting temptations an average of 4 hours per day, that they
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give in to their temptations about half the time, and that the urge to eat is the number
one temptation people are trying to resist [99]. Further, resisting temptations, making
decisions, and regulating emotions all require effective functioning of the anterior
cingulate cortex [100], which after 15 minutes of effort is depleted to the point of sig-
nificantly diminished functioning [101, 102], resulting in a marked inability to restrain
impulses—a willpower gap. This willpower gap impacts people without an addiction

to UPF (and may help to explain the significant rates of overweight and obesity, and
dieting recidivism, in those populations), but for people with UPFA, several additional
factors are operative. First, as previously discussed, both inhibition [41] and decision
making are significantly impaired [58, 59], widening the willpower gap. And second, cue
reactivity is stronger, especially during early abstinence [47], making the person with
UPFA extra sensitive to the myriad temporal, spatial, visual, auditory, and olfactory cues
to eat in the modern obesogenic environment [103], greatly increasing the frequency of
encountering the willpower gap throughout the day. Astute bariatric surgeons, dieti-
cians, and general practitioners have sensed for decades that increased information or
education alone is not the solution to the obesity pandemic, as they have little lasting
effect [104]. When it comes to weight loss, the willpower gap helps explain the chasm
between knowledge and volition on the one hand, and sustained execution on the other.

4. The diagnosis of ultra-processed food addiction

For both individuals wanting support and clinicians trying to help them, effective
and accurate diagnosis is the first step in the treatment journey. There are dozens, if
not hundreds, of online quizzes and self-assessments to help someone get a sense of
whether they have an addictive relationship with sugar, UPF, or food more generally,
but there is currently only one validated diagnostic tool: the Yale Food Addiction Scale
(YFAS) [105], now in its second iteration (YFAS 2.0) [106], discussed in greater detail
below. The YFAS 2.0 is based on the diagnostic criteria for substance use disorders in
the DSM-5 section on Substance-Related Addictive Disorders [107, 108], which we
will review next.

4.1 The DSM-5 criteria for substance use disorders

In the DSM-5, there are 11 criteria for a substance use disorder. Diagnosis is given
along a continuum, with the presence of 2-3 symptoms indicating a mild disorder,
4-5 symptoms a moderate disorder, and 6 or more symptoms a severe disorder. In
each case, however, the pattern of use must also lead to “clinically significant impair-
ment or distress” [108]. Research shows that the use and abuse of UPF meets each of
these 11 criteria, with examples and prevalence as follows.

4.1.1 Criterion 1: consuming move than intended

UPF is eaten in larger amounts or over a longer period than was intended.

Consuming more UPF than intended is a common, perhaps even universal,
experience [109]; in fact, irresistibility and overconsumption are features that UPF
manufacturers tout, as with the Lay’s potato chip slogan, “Betcha can’t eat just one!”
With UPFA, this overconsumption can reach levels that cause significant impair-
ment and distress [76, 110]. Increases in diagnosis of UPFA correlate with increases
in the frequency of binge episodes [106]. Because UPFA is associated with gradually
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impaired impulse control [41, 60], this symptom is progressive [16]. Prevalence: in
the general population, 19.3% of people have this symptom [106].

4.1.2 Criterion 2: desiring yet unable to cut down, stop, or stay stopped

There is a persistent desive or unsuccessful efforts to cut down or control UPF
consumption.

On the surface, this criterion seems easily met by the vast majority of people, as it
is plausible to imagine that most everyone, at one time or another, has attempted to
diet or control their food intake. However, very few diets require abstinence from all
UPF; indeed, the sale and distribution of branded UPF is a core component of many
diets. Further, attempting to stop consuming an addictive, injurious substance is not
the same as attempting to lose weight [111, 112]. Yet, market research shows that the
average dieter makes four or five new attempts each year, highlighting the difficulty
people have in staying “on the wagon” once they stop eating certain foods [61]. The
evidence is clear that UPF is not only difficult to resist, it is also specifically engi-
neered to enhance palatability and desire [113]. Prevalence: in the general population,
25% of people have this symptom [106].

4.1.3 Criterion 3: significant time spent

A great deal of time is spent in activities necessary to obtain UPE, consume UPF, and
recover from its effects.

Clearly, if the average dieter is making four or five attempts to lose weight each
year, they are spending significant time (and likely significant money) preparing for,
launching, failing at, and recovering from their attempts to control their food con-
sumption [61]. People also report spending a lot of time driving to get specific foods,
significant time eating certain foods throughout the day, and a lot of time feeling
tired and sluggish from overeating [114]. In the later stages of UPFA, the impact can
expand to nearly 24 hours each day if disrupted sleep and night eating infiltrate the
overnight hours and mental obsession with procuring and consuming UPF and man-
aging weight and health symptoms dominate during the day [115]. Even among those
with UPFA who do not have a weight problem, the time spent obsessing about what
they have eaten or not eaten, what they plan to eat or not eat, and whether they are on
their food plan or off their food plan can nearly consume the day [116]. Prevalence: in
the general population, 18.7% of people have this symptom [106].

4.1.4 Criterion 4: craving

Craving, or a strong desire or urge to consume UPF.

Of all food, UPF has the highest likelihood of being consumed in an addictive
manner and the highest likelihood of being craved [117]. Not only does the experience
of craving UPF parallel the experience of craving drugs of abuse, but the activa-
tion pattern in neural structures associated with craving shows significant overlap
across various addictive substances, including UPF [52, 118]. In self-reported data,
overeating is linked to more intense and frequent instances of food craving among
individuals with binge eating disorder, bulimia nervosa, and obesity [119]. Similarly,
food addiction, as gauged by the Yale Food Addiction Scale, correlates with elevated
self-reported food craving [120]. Thus, the criterion of frequently experiencing crav-
ing or a strong urge to consume a substance can be extended to UPF and represents an
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observable symptom in the context of UPFA. Prevalence: in the general population,
20.3% of people have this symptom [106].

4.1.5 Criterion 5: failure to fulfill roles

Recurrent UPF consumption vesulting in a failure to fulfill major vole obligations at
work, school, or home.

There is a significant literature confirming that obesity hampers people’s ability to
fulfill their role obligations at work, school, and home [121], and given the correlation
between UPFA and obesity [106, 122], some of that impact is likely stemming from
addiction. But even people who are not carrying excess weight can struggle to perform
their major role obligations due to the impact of food obsession and the negative
consequences of overconsuming UPF such as remorse, shame, sluggishness, and a
desire to isolate [123]. In the general population, the prevalence of this symptom is
21.5% [106], which means that more than one in five people is agreeing that, over
the prior 12 months, “My overeating got in the way of me taking care of my family or
doing household chores” and “I didn’t do well at work or school because I was eating
too much” [124].

4.1.6 Criterion 6: use despite social or interpersonal problems

Continued UPF consumption despite having persistent or recurvent social or interper-
sonal problems caused or exacerbated by the effects of UPF.

Social and interpersonal challenges manifest distinctly within the realm of eating
behavior. Notably, obese individuals report heightened levels of social isolation com-
pared to those with normal weight [125]. While this can be attributed to weight gain
accompanying excess consumption of UPF, research indicates a significant connec-
tion between interpersonal problems—such as distrust, social insecurity, or hostil-
ity—and binge eating behavior, independent of body mass [125, 126]. Experimental
research focusing on UPFA and social or interpersonal problems is just emerging and
future studies are needed to establish a causal link between the two. Preliminary data
indicate that others’ disapproval of food choices and eating behaviors contributes to
interpersonal conflict [117]. Prevalence: in the general population, 19.4% of people
have this symptom [106], which means they agree that they have problems with fam-
ily and friends because of how much they overeat and their friends and family worry
about how much they overeat [127].

4.1.7 Criterion 7: important activities given up

Important social, occupational, or recreational activities are given up or reduced
because of UPF consumption.

As noted above, individuals with obesity often report heightened levels of social
isolation that may be attributed to body weight, but also to eating behaviors [125].
Disordered eating can also lead to decreases in exercise and other physical activities
[128]. Recent findings demonstrate that the obesity epidemic is a direct result of the
prevalence of UPF in our diets [129]. Regardless of BMI, people with UPFA endorse
statements like: “T eat certain foods so often or in such large amounts that I stop doing
other important things like working or spending time with family or friends” and “I
avoid work, school, or other activities because I'm afraid [ will overeat there” and “I
felt so bad about overeating that I didn’t do other important things like working or
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spending time with family or friends” [130]. Prevalence: in the general population,
11.9% of people have this symptom [106].

4.1.8 Criterion 8: hazavdous use

Recurvent UPF consumption in situations in which it is physically hazardous.

The symptom of hazardous use typically pertains to the risks associated with
intoxication, such as driving or using heavy machinery, or even simpler situations
such as crossing a busy street on foot. Clearly, eating does not involve the same level
of intoxication as alcohol or opiates. However, a parallel can be drawn with tobacco,
where the DSM-5 suggests that this criterion may encompass smoking in bed, posing a
fire risk. Extending this analogy, the hazards of UPF consumption include eating while
driving, which is known to impair performance and increase crash risks [131-133].
Indeed, approximately one in four people agree that, over the past 12 months, they have
been so distracted, either by thinking about food or by eating food, that they could have
been hurt (e.g., when driving a car, crossing the street, or operating machinery) [106,
134]. Prevalence: in the general population, 24.8% of people have this symptom [106].

4.1.9 Criterion 9: Use despite physical or emotional consequences

UPF consumption is continued despite knowledge of having a persistent or recurrent
physical or psychological problem that is likely to have been caused or exacerbated by UPF.

This particular criterion involves continued excess consumption of UPF despite
an acute health condition exacerbated by UPF. This is a relatively widespread phe-
nomenon, as individuals with diabetes often continue to consume excessive sugar
despite knowing that it is injurious [135, 136] and individuals who have recently had
a medical procedure (such as bariatric surgery) often continue to overeat despite the
contraindications [137]. In fact, of people who have just had a limb amputated due to
unmanaged type 2 diabetes, 55% will have a second limb amputated within 2 years
[14]. Additionally, persons with both UPFA and certain eating disorders with psy-
chologically harmful comorbidities are seen to persist in detrimental eating, resisting
dietary recommendations that could potentially reduce their symptoms and accom-
panying psychological distress [138]. In short, physical and psychological problems
are often not sufficient to reduce the consumption of UPF. Prevalence: in the general
population, 23.5% of people have this symptom [106].

4.1.10 Criterion 10: tolerance
Tolevance, as defined by either of the following:

a. A need for markedly increased amounts of UPF to achieve intoxication or desired
effect.

b.A markedly diminished effect with continued use of the same amount of UPF.

Individuals with UPFA report diminished enjoyment of UPF over time [113].
Considering that psychological changes, as well as physiological and behavioral
changes, accompany tolerance [139], a decrease in the subjective reward value of UPF
over time is a marker of the development of tolerance. In the general population, 17.4%
of people have this symptom [106], which means they agree with statements like,
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“eating the same amount of food did not give me as much enjoyment as it used to” and,
“I needed to eat more and more to get the feelings I wanted from eating” [140].

4.1.11 Criterion 11: withdrawal
Withdrawal, as manifested by either of the following:
a. The characteristic withdrawal syndrome for UPF.

b.UPF (or closely related substances) are taken to relieve or avoid withdrawal
symptoms.

Mounting evidence indicates that withdrawal effects are indeed observed with
UPF [10, 141]. Specific foods, particularly those highly processed with added sweeten-
ers and fats, exhibit heightened addictive potential [44, 70]. While both behavioral
and substance-related factors play significant roles in the addictive process for food,
UPFA symptoms more closely align with the criteria for substance use disorder [141],
and withdrawal symptoms are a defining feature. Classic withdrawal symptoms such
as anxiety, headaches, irritability, and unstable mood appear for many individuals
upon decreasing or stopping consumption of UPF [142]. In addition, the time-scale
of withdrawal symptoms is the same as for tobacco, opiates, stimulants, and alcohol
[142]. Prevalence: in the general population, 29.7% of people have this symptom [106].

4.1.12 The requirement of significant impairment or distress

In the general population, the average person has 2.38 of these 11 symptoms, which
would qualify them for a diagnosis of mild UPFA, except that only 12.5% of people in the
mild symptom range meet the criteria for a pattern of use that causes “clinically signifi-
cant impairment or distress,” which is also required for diagnosis. In the moderate range
of 4-5 symptoms, only 19.6% of people meet this threshold, while in the severe range of
6 or more symptoms, 61.5% of people have significant impairment or distress [106].

There is a significant implication of the “impairment or distress” requirement on
weight gain and weight loss trends. The data show that most people in Western society
can be said to have an addictive relationship with food, as evidenced by manifesting
multiple symptoms of UPFA [106], but they will not meet the criteria for an addiction
diagnosis because it is not bothering them badly enough or inhibiting their function-
ing to a significant extent [106]. However, the addictive symptoms may very well
be contributing to their weight gain and hindering their efforts to lose weight—and
to maintain that weight loss once it is achieved. This would help to explain abysmal
weight loss results [9] and widespread diet recidivism [10]. It would also predict that
weight loss approaches taking an abstinence-based approach to UPFA, rather than
building consumption of UPF into their plans, would be significantly more successful
than average. This turns out to be the case, and is the subject of Section 5.

4.2 The Yale food addiction scale

The original Yale Food Addiction Scale (YFAS) to diagnose food addiction was
released in 2009 by Yale University’s Rudd Center for Food Policy and Obesity [105].
It was a 25-item self-report Likert-scale questionnaire examining eating behaviors
over the prior 12 months, based on the DSM-4 criteria for substance dependence. A
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shorter, modified YFAS (mYFAS) with only 9 items was released in 2014 and was
shown to yield similar results to the original [143]. In 2013, a version for children, the
YFAS-C, was released [144].

In May of 2013, the DSM-5 was published with significant updates to the DSM-4.
The section on Substance Use Disorders was renamed Substance-Related and Addictive
Disorders. Substance abuse and substance dependence were combined, and the new
substance use disorders diagnosis could now be made along a continuum: mild (2-3
symptoms), moderate (4-5 symptoms), or severe (6-11 symptoms). The symptom of
legal consequences was removed and the symptom of craving was added. In 2016, the
YFAS 2.0 was released to conform to the new DSM-5 structure and thereby update
the instrument to reflect the latest thinking in substance use diagnosis [106]. Shortly
thereafter, the mYFAS 2.0 and mYFAS-C 2.0 were released to offer an updated shorter
screening tool and an updated version suitable for children, respectively [145, 146].

The YFAS 2.0 was shown to have convergent validity by measuring associations
with scores on other instruments assessing problematic eating behaviors such as the
Three Factor Eating Questionnaire (TFEQ ) disinhibition, TFEQ hunger, current
BMI, highest BMI, and frequency of binge eating episodes [106]. Food addiction
scores increase with BMI [106]. Discriminant validity was shown by demonstrating
that YFAS 2.0 scores are not significantly correlated with TFEQ dietary restraint, as
food addiction and dietary restraint are unrelated [106, 147]. Incremental validity was
shown using hierarchical multiple regression, looking at YFAS 2.0 scores and binge
eating frequency as predictors of BMI. YFAS 2.0 scores predicted BMI above and
beyond the contributions of binge eating frequency [106].

A meta-analysis reviewing 6425 abstracts of studies assessing food addiction
using the YFAS and its derivatives and including 272 studies in its analysis showed a
weighted mean prevalence of food addiction diagnosis of 20% [122], meaning that, in
the general population, about 20% of people likely qualify for a diagnosis of UPFA.

4.3 Correlations with eating disorders and weight

Numerous studies show that UPFA is related to, but distinct from, eating disorders
[106, 122, 148]. Although the standard deviation is large as findings vary widely, a
meta-analysis that calculated weighted pooled averages showed that the prevalence of
UPFA, according to the YFAS and its derivatives, is roughly 44% among people with
a clinical diagnosis of anorexia nervosa, 48% among people with a clinical diagnosis
of bulimia nervosa, and 55% among people with a clinical diagnosis of binge eating
disorder [122].

Importantly, UPFA is distinct from obesity and the propensity to gain weight [106,
122]. While UPFA is positively correlated with weight [106], according to a meta-
analysis [122], the pooled prevalence of UPFA among people with no weight disorder
is 17%, among people with overweight is 24%, among people with obesity is 28%,
and among those who have had bariatric surgery is 28%. UPFA is a contributor to
weight gain but not the sole driver. In addition, UPFA is strongly associated with type
2 diabetes in a dose-response like manner [149].

5. The treatment of ultra-processed food addiction

The scientific literature on the neurobiological similarity between addictive drugs
and UPF as substances of abuse is large [150]. The literature on diagnosis is robust
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as well [122]. Between the two, several hundred new studies are being published
every year, and that number has been increasing dramatically and linearly since 2010
[122]. In comparison, there are still relatively few published studies evaluating the
treatment of UPFA [16]. One factor is that it is difficult to treat a condition that is still
not formally recognized by the DSM or the ICD, especially since proper treatment,
like treatment for drug or alcohol addiction, can be expensive, and governments and
insurance companies typically will not cover it. Studies on treatment are also expen-
sive and time consuming. But avenues of treatment do exist, and there is a nascent
literature attempting to evaluate the results, which we review below. In addition,
there are weight loss approaches that, intentionally or unintentionally, target addic-
tion, and it turns out that they are significantly more effective than other weight loss
approaches. We will cover those findings in the following sections as well.

5.1 Treatment centers and food addiction professionals

Perhaps the longest running treatment center for UPFA is Shift Recovery by
Acorn, which was founded in the United States in 1993 and offers online and in-
person intensive treatment programs for UPFA [151]. Bitten Jonsson Center opened in
Sweden in 1999 and offered an inpatient UPFA treatment program until 2005 [152].
MFM in Iceland was founded in 2006 and offers outpatient UPFA treatment [153].
And in the United States, Milestones in Recovery [154] and Turning Point of Tampa
[155] both offer inpatient treatment for individuals with co-occurring eating disor-
ders and UPFA.

In 2016, the International School for Food Addiction Counseling and Treatment
(INFACT) was established to train professionals in the core functions, clinical
guidelines, and best practices of food addiction treatment. Graduates are certified
in Europe by the European Certification Board and in the USA by the Addiction
Professionals Certification Board as Certified Food Addiction Professionals [156].
The Food Addiction Institute (FAI) aims to advance awareness [157] and the Food
Addiction Professionals Network (FAPN) provides clinicians ongoing education and
peer support. In addition, many 12-step programs, such as Food Addicts in Recovery
Anonymous (FA) offer comprehensive recovery programs for people with UPFA
[158]. An individual looking for treatment could reach out to any of these organiza-
tions to get help.

Until recently, there was either no data or very little published data on the efficacy
of these programs and approaches. But a multi-center study is underway, and their
preliminary findings are promising. Across 103 participants receiving treatment from
Certified Food Addiction Professionals offering online treatment group programs
based in North America, Sweden, and the United Kingdom, results showed that, over
10-14 weeks of treatment, food addiction symptoms went significantly down (as
measured by the YFAS 2.0 and the CRAVED instrument which measures symptoms
according to the ICD-10 criteria), weight went down slightly (weight loss was not a
focus of treatment), and well-being went significantly up [159]. Monthly follow-up
sessions are a part of these treatment protocols, and future publications will analyze
longer-term data.

5.2 Bariatric surgery

Bariatric surgery is not intended as a treatment for UPFA, but studies have shown
that most post-surgical patients do experience initial remission of UPFA symptoms
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[160, 161]. Unfortunately, practitioners in the field do not typically observe sustained
remission, though no long-term data have yet been published [162]. Studies show that
significant weight regain 5-6 years post-operatively affects as many as three-quarters
of surgical patients [163] and revision surgery is becoming increasingly common
[164]. Two of the most common causes of weight regain post-surgery are thought to
be out-of-control eating and a return to previous eating habits [163], indicating that
lasting remission of UPFA symptoms after bariatric surgery is not the norm.

5.3 GLP-1weight loss drugs

Science declared GLP-1 therapies for obesity to be the 2023 Breakthrough of the
Year, for both their weight loss results and additional health benefits like reduction
in heart attacks, strokes, and liver disease [165]. GLP-1 agonists such as semaglutide
(marketed as Ozempic for diabetes and Wegovy for weight loss in the USA) not only
help regulate blood sugar in people with diabetes and curb appetite in people with
obesity, but they decrease cravings for UPF, cigarettes, alcohol, and other drugs
of abuse as well. Over 100 studies in both humans and rodents have demonstrated
the effects of GLP-1s on the reward pathways of the brain [166]. These drugs both
decrease activity to the left insula, reducing the anticipated reward from eating
UPF, and improve activity deficits in the insula, hypothalamus, and orbitofrontal
cortex [166].

Clinical trials show that patients taking semaglutide lose approximately 15% of
their bodyweight within 1 year [167] and maintain that weight loss at 2 years [168].
Drug use must be continued, or an average of two-thirds of lost weight will be
regained within 1 year [169]. The combination of suppressed appetite and reduced
addictive cravings on GLP-1 drugs produces weight loss results that are far larger than
what standard weight loss approaches produce.

5.4 Bright line eating

Bright Line Eating (BLE) is an online weight-loss program within a food addiction
recovery framework that teaches clients to abstain from UPF, eat three meals a day,
and engage in ongoing education and peer support [170]. Research shows that, from
weeks two through eight on the program, participants’ hunger and cravings decrease
linearly, reaching an average rating of just 1.4 (on a Likert scale of 1 through 5, with 5
being high) at 8 weeks [171]. The average eight-week weight loss result on BLE is 7.8%
of initial body weight [170], the average one-year weight loss result is 16.8% [172],
and the average two-year weight loss result is 14.3% [172].

Interestingly, studies show that the process of mastication releases GLP-1 and thus
contributes to satiety [173]. UPF is manufactured to require minimal chewing [18,
174] while raw vegetables and many of the other whole foods on the BLE food plan
require significant chewing. Research also shows that fiber releases GLP-1 and peptide
YY, another satiety hormone [175]. These factors together may play a role in the
semaglutide-like appetite-suppression effects of a whole-foods, zero UPF approach to
eating.

5.5 The impact of treating UPFA on weight loss

There are relatively few peer-reviewed studies on commercial weight loss
programs, and even fewer randomized clinical trials. Results are notoriously poor, so
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A comparison of data from twelve peer-reviewed studies veporting weight loss vesults from semaglutide and
various commercial weight loss programs [167, 168, 170, 172, 177-184]. (No studies reporting two-year % weight
loss data were found for Noom, SlimFast, Atkins, Nutrisystem, or Zone diets).

there is little commercial benefit to documenting the results [176]. A direct compari-
son of the studies that do exist is both difficult and problematic due to differences

in design, methods, variables measured, and lack of randomized assignment of
participants to conditions across studies. However, despite these significant issues, a
visual comparison of the weight loss data that do exist yields an interesting pattern.
With these caveats in mind, Figure 1 aggregates data from 12 published papers on
commercial weight loss programs and demonstrates a clear demarcation between
approaches that allow (or even encourage) the consumption of UPF versus the

two approaches that target addiction, whether behaviorally or pharmacologically
[167, 168, 170, 172, 177-184].

6. The hardest addiction?

UPF does not deliver a dopamine reward comparable with opiates or stimulants
[185], nor are the withdrawal symptoms from UPF as severe as the withdrawal
symptoms from most drugs [10, 70], yet, for eight distinct reasons, it could be argued
that UPFA is uniquely difficult to overcome.

First, for no other substance addiction is the average age of first exposure so
young, nor the rate of early exposure so frequent. Infant formula is UPF, so babies
who are formula-fed are exposed to UPF multiple times a day, from birth or shortly
thereafter. Even breastfed babies are typically exposed to UPF at around 6 months of
age, as UPF cereal is the most commonly recommended first baby food [186]. Regular
exposure continues from there, with research showing that 60.6% of infants and
98.3% of toddlers in the USA are consuming added sugars every day [187].

Second, UPFA is the result of a hijacking of neural circuits whose original function
was to make the procurement and consumption of calories an organism’ top priority.
Every other substance addiction hijacks these same circuits, but no organism’ brain
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prioritizes the procurement of alcohol, cocaine, or tobacco the way it prioritizes the
consumption of energy dense, highly rewarding food.

Third, UPFA is a substance addiction [188] that has so many features of a behav-
ioral addiction (such as shopping or gambling) that it is often categorized as such
[189], meaning that the process of eating is rewarding and cue-laden enough to carry
the addiction on its own. One could effectively argue that UPFA is actually both a
substance addiction and a behavioral addiction, as people addicted to UPF often eat
excessive quantities of regular foods and demonstrate an addiction to the process of
eating itself [190].

Fourth, and perhaps most perniciously, UPFA is unique among all addictions
in causing a health-deteriorating side effect (excess weight) that, when addressed,
re-triggers the original addiction. Alcohol causes liver damage, but when the liver
heals, it does not release a cascade of hormones that cause intense cravings for
alcohol. Smoking causes lung damage, but when the lungs heal, nicotine cravings are
not a direct result. But weight loss causes a barrage of hormonal changes that lead to
overeating and weight regain [191], meaning the person with UPFA who is carrying
excess weight is caught in a pernicious cycle unlike anything else in the addiction-
recovery landscape.

Fifth, unique among all substance addictions, we cannot simply stop eating.
People addicted to alcohol, nicotine, caffeine, or drugs can abstain completely, and
feel highly confident that they are successfully abstaining, as the category definitions
are quite clear. But the person addicted to UPF must continue eating on a daily basis,
which raises the question, at every eating opportunity, of whether a specific food is
likely to trigger an addictive response. The NOVA definition for UPF is many pages
long [192] and has poor inter-rater reliability [193], highlighting that even experts
find it difficult to articulate or agree on the category definition. Furthermore, some
foods like peanut butter, made from just peanuts and salt, routinely trigger overcon-
sumption [194], illustrating that, once the addiction is established, abstinence from
all UPF may not be sufficient for full recovery. Lack of certainty about where to draw
the line of abstinence creates a slippery slope that heightens the likelihood of relapse.

Sixth, the multi-trillion-dollar UPF industry is highly invested in our ongoing
addiction, and there are currently very few limits on their reach. They use fMRI to
ensure their snack formulations and commercials optimally stimulate the mesolimbic
reward pathways [195]. Brains healing from addiction are extra-sensitive to these
cues, especially in early recovery [47, 49-52], and the bombardment of commercials,
billboards, jingles, and logos for UPF can make living in modern society torturous.
Certainly, decades ago, before limits on alcohol and cigarette advertising, or in a
hypothetical world where drug cartels had free reign to advertise their products, we
might imagine a quasi-comparable situation, but in actual modern-day society, UPF is
unique in the magnitude of the advertising dollars promoting it.

Seventh, UPF consumption occurs in more locations, and more frequently
throughout the day, than the use of any other addictive substance. This is significant,
because relapse is often based on a specific temporal or location-based cue, as any for-
mer smoker walking out of a movie theater can attest. Most people start eating within
minutes of first waking up and consume their final calories mere minutes before
falling asleep [196]. From the temptation to put a scoop of sugar or packet of non-
nutritive sweetener into the first morning cup of coffee, to the drive-through on the
way to work, to the doughnuts in the break room, to the vending machine outside the
office, to the pizza and chips in the lunch line, living an average day means encounter-
ing literally hundreds of temporal and location-based cues to consume UPF [103].
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And quitting means facing all of those same cues and being well-resourced enough to
not succumb, each and every time.

Eighth and finally, the social pressures to eat [197, 198], and to not consider food
of any sort to be an addiction [199], are immense. The person addicted to stimulants
or opiates can get out of rehab and form myriad associations where no one uses drugs
and there is zero pressure to return to their addiction; even the person addicted to
alcohol who misses pub culture can form plentiful associations with groups who do
not blend alcohol consumption with their fellowship. But the person addicted to UPF
will find that nearly every gathering of every sort involves the consumption of food
and that the pressure to eat all things in moderation is immense [200]. Furthermore,
bonding over food is, and always has been, woven into our very ways of experiencing
togetherness and community [201].

For all these reasons, recovery from UPFA, especially if it coincides with a desire
to lose weight, is especially difficult and will require an intensive and multifaceted
approach.

7. Conclusion

Years ago, the construct of UPFA was hotly debated [202] and the words “food
addiction” nearly always had quotes around them or were qualified with adjectives
like “controversial” and “purported.” Indeed, such qualifiers will likely persist until
UPFA receives official standing as a diagnosis in the DSM and the ICD. It is difficult to
predict when that will be, but applications to these committees for official diagnoses
are in progress.

However, during the late 2010s and early 2020s, the rate of published papers on the
topic of food addiction escalated dramatically [122] and in the thousands of papers
published on this topic over the past several years, two trends are marked. First, the
neurobiological evidence substantiating the impact of UPF as an addictive drug in
the brain, across multiple structures and impacting many cognitive functions, has
become very convincing [16]. Second, there is great utility and empirical productivity
in applying the DSM-5 criteria for a substance use disorder to UPF consumption [106,
122]. In a word, it fits.

More research is needed, especially controlled trials on each of the 11 criteria for
a substance use disorder as applied to UPF, and also, perhaps most urgently, more
research in the domain of treatment. Research shows that 30% of people receiv-
ing treatment for an eating disorder are not improving with the current standard
of care [203]. Studies examining whether those individuals are more likely to
have undiagnosed UPFA, and randomized, controlled trials exploring whether an
abstinence-based treatment approach (rather than an all-foods-fit-for-all-people
treatment approach) would help them, are badly needed. These studies are likely to be
conducted over the next few years, as the field is maturing now quite rapidly.

While many will wait for an official diagnosis in the DSM or the ICD to drop the
quotes and stop using the word “controversial,” the reality is that the existence of
UPFA will long precede any official seal of validation. No longer is the question, “Is
UPF addictive like alcohol, tobacco, stimulants, and opiates?” but rather, “How can
we best treat UPFA?” and, “What are the implications?”

Clearly, as is true for alcohol, caffeine, nicotine, and all drugs, not everyone is
equally susceptible to the addictive pull of UPF. But the average person has at least
some degree of addictive susceptibility [106]. Two weight loss approaches—GLP-1
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drugs for weight loss and Bright Line Eating—that each target UPFA directly and both
decrease hunger and cravings, offer promise for people wanting to lose weight and
health care practitioners looking to help them. But the average person with obesity
is likely aiming for far better results than merely losing 15% of their current body
weight. Perhaps if a pharmacological solution was paired with an abstinence-based
approach to eating, much higher average weight loss percentages could be achieved.
We must remember that the “badly behaving brain” is performing exquisitely
well, for the conditions in which it evolved. But the food environment has changed
dramatically. There are good reasons why fewer than 1% of those living with obesity
have reached a normal BMI within any given year [204]. Until just recently, there
were no weight loss approaches that targeted UPFA. But today there are, and we now
know that addressing UPFA results in far greater weight loss than ignoring it. That is
important, because as our collective body mass continues to rise, we need a frame-
work to reinvent how we approach weight loss in the twenty-first century.
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Chapter7

Bariatric Metabolic Surgery

Matej Pekat, Pavol Holéczy and Marek Soltes

Abstract

Obesity belongs to the most serious metabolic diseases affecting human health
due to its pandemic character and significant impact on the risk of cardiovascular and
other obesity-related health complications. The treatment is complex and requires
multidisciplinary approach. Currently, bariatric-metabolic surgery (BMS) represents
the most effective therapy with long-term effect, leading to significant changes in
body composition. BMS procedures not only assure weight loss but also positively
affect various metabolic and cardiovascular illnesses. As such, the patient may benefit
from improvement of several concomitant diseases after mini-invasive BMS inter-
vention. Standardized BMS procedures most frequently used in the world nowadays
include sleeve gastrectomy, Roux-en-Y gastric bypass, one anastomosis gastric bypass,
and single anastomosis duodeno-lileal bypass with sleeve. The innovative concept is
represented by single anastomosis sleeve ileal bypass. Multidisciplinary assessment
helps to select patients suitable for BMS and determine the best type of surgical
intervention. Endoscopic procedures may serve as a bridge to surgery for polymorbid
high-risk patients. Provided the postoperative regimen is strictly adhered to, the
results of BMS are excellent. Sustainable weight loss followed by the improvement of
associated obesity-related comorbidities results in a significant increase in the overall
quality of life.

Keywords: obesity, bariatric, metabolic, surgery, sleeve gastrectomy, roux-en-Y gastric
bypass, one anastomosis gastric bypass

1. Introduction

Obesity belongs to the most serious metabolic diseases affecting human health.

It has pandemic character and significantly increases the risk of cardiovascular and
other obesity-related health complications. The treatment is complex and requires a
multidisciplinary approach.

Obesity is the second most common preventable cause of death (after smoking). It
is associated with a number of serious negative effects on glucose & lipid metabolism,
cardiovascular, respiratory, and musculoskeletal systems as well as mental health.
Obesity has a negative impact on fertility, leads to a decreased quality of life, increases
the incidence of certain cancers, and likelihood of ischemic and hemorrhagic stroke—
thus being responsible for decreased overall survival.
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Obesity is a serious medical, social, and economic problem with an interdisciplin-
ary overlap, so sustainable long-term therapeutical success is a must. Obesity can
be treated by lifestyle interventions, diet, pharmacologically, or surgically. Healthy
lifestyle change with increased physical activity and reduced caloric intake usually
results in the first 10% weight loss. To strengthen the effect of the lifestyle change,
psychological support in the form of behavioral therapy is needed, since obesity
is considered a maladaptive syndrome of eating habits and physical activity [1, 2].
The problem is that caloric restriction reduces the body’s basal metabolism, which
significantly reduces the effect of further reduction of food intake in the context
of weight loss. Many patients are unable to maintain such a low caloric intake that
would lead to continuing weight loss thus risking the “yo-yo effect” (weight regain).
Significant progress has been achieved in the field of pharmacotherapy and the new
effective drugs such as GLP-1 peptide analogs with better short and long-term effects
have appeared on the market [3]. However, in patients who do not achieve a weight
loss of more than 5% after 4 months of pharmacological antiobesity therapy, this
medication should be discontinued. Nevertheless, bariatric-metabolic surgery (BMS)
that leads to significant changes in the body composition remains the most effective
long-term therapy for obesity. BMS procedures not only assure weight loss but also
positively affect various metabolic and cardiovascular illnesses. As such, the patient
may benefit from improvement of several concomitant diseases after mini-invasive
BMS intervention.

2. Research methods

A systematic review of the literature was carried out using the databases PubMed,
Web of Science, and EBSCO. The MeSH terms relevant for given subchapters were
used and subsequently, identified literature resources were reviewed to select the
most relevant references.

3. History of BMS

The first attempt at targeted surgery to reduce weight came in the 10th century
when a Jewish doctor stitched the lips of the Spanish king, who lost his throne due to
obesity. He was left with a small opening to receive liquids, lost half of his weight, and
regained the throne [4].

The modern era of bariatric surgery dates back to the 1950s when Swedish surgeon
Hendriksson performed the first targeted malabsorptive procedure—resection of
part of the small intestine in 1952 [5]. After experimental research on dogs, surgeons
began performing jejunoileal bypass in humans in Minnesota (USA). The weight loss
was excellent, but malabsorption had unfortunate consequences and the method
was soon abandoned due to related complications (liver failure, vitamin deficiency,
malnutrition, kidney stones, and others).

In 1966, gastric bypass was introduced into the clinical practice by Mason, inspired
by the observation of weight loss in patients after gastric resection for cancer [6].

This operation combines malabsorption (bypasses the duodenum) with restriction
(reduces the volume of the stomach). The procedure is currently performed in the
Roux-en-Y modification (RYGB) and belongs to the most frequent BMS methods [7].
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Jaw wiring was introduced in bariatrics in 1977. The results were excellent, but
there was a huge yo-yo effect after the procedure reversal [4].

In 1979, Scopinaro performed biliopancreatic diversion (BPD) [7], and in 1986,
Kuzmak invented the silastic ring, based on which adjustable gastric banding was
described [8]. In 1987, Johnston introduced gastric sleeve resection, the operation that
is currently performed most frequently [9]. Originally it was a part of BPD-duodenal
switch.

In 1993, Wittgrove and Clark performed the first laparoscopic RYGB [10]. In the
same year, Fried introduced laparoscopic non-adjustable and Broadbent laparoscopic
adjustable gastric banding. With laparoscopic approach, perioperative mortality fell
below 0.2% and complications decreased to one-third. The length of hospitalization
and the patient’s recovery time were significantly shortened.

The shift from bariatric to metabolic surgery originated from MacDonald and
Pories, who described the positive effect of RYGB on type II Diabetes Mellitus in 1995
[11]. In 1998, obesity was recognized as a metabolic disease, not just an esthetic issue,
and costs of BMS began to be covered by health insurance [12].

4. Indications for BMS

Although BMI does not reflect exact body composition, it is widely used as a
crucial indicator for BMS due to its simplicity and universal applicability. Patients
with greater BMI based on higher muscular mass without obvious excess of fat may
not benefit from BMI. Nevertheless, the following indication criteria for the BMS
procedures, based on the recommendations of the international working groups IFSO
and ASMBS [13], apply in the current general practice:

+ individuals with BMI higher than 35 kg/m” are indicated for BMS regardless of
the presence, absence, or severity of comorbidities.

¢ individuals with BMI over 30 kg/m2 who have failed other methods of weight
reduction or whose obesity-related comorbidities cannot be compensated
satisfactorily

* regarding the Asian population, the BMI thresholds have been shifted to 27.5 and
25 kg/m*

* age limit for surgery does not exist anymore, also younger and older individuals
can be operated on, taking into consideration the individual balance between the
risk and benefit

* in children and adolescents, BMS should be considered if they have a BMI above
120% of their 95th percentile associated with obesity-related comorbidities, or if
they have a BMI above 140% of the 95th percentile

* BMS is recommended for patients in whom excess weight loss is desirable in
order to undergo other major surgical interventions such as joint arthroplasty,
abdominal wall hernia repair, or organ transplantation.
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Multidisciplinary assessment of patients on individual basis helps to select those
suitable for BMS and determine the best type of BMS procedure. Reoperations due to
failure or insufficient effect of the first BMS operation are not an exception. The re-do
surgeries can either mean extension of the primary procedure (i.e. distalization of the
anastomosis in bypass) or conversion to more aggressive type (i.e. sleeve gastrectomy
to RYGB).

5. Current BMS (state of the art procedures)
5.1 Sleeve gastrectomy (SG)

Sleeve gastrectomy (Figure 1) currently represents the most widespread
BMS operation in the world. It is defined by 80-90% pylorus-preserving vertical
resection of the stomach. It evolved from biliopancreatic diversion with duodenal
switch when it was adopted as the first stage of the procedure in high-risk patients.
Subsequently, it was observed that vast majority of those patients experienced
significant weight loss and did not have to undergo the second stage of the opera-
tion. This procedure is defined by both restrictive—reducing the volume of the
stomach and metabolic effect—reducing the production of the orexigenic hor-
mone ghrelin. It appears to be a relatively safe surgical method with perioperative
mortality close to zero and very low morbidity. The most common complications
include bleeding from the resection line, leakage, and gastric fistula. Micronutrient
depletion occurs postoperatively, but it seems to be less prominent than after
RYGB and disappears after 5 years. Nevertheless, laboratory screening for deple-
tion should be carried out once a year to allow for appropriate supplementation of
micronutrients.

The biggest advantage of the procedure is long-term excess weight loss (EWL)
of up to 80%. Furthermore, metabolic diseases, including hyperlipidemia and
diabetes, disorders of coagulation cascade, biochemical parameters, nonalcoholic
fatty liver disease (NAFLD), cardiovascular disorders, obstructive sleep apnea, and

Figure 1.
Sleeve gastrectomy.
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hypertension, can be controlled better. Also, non-metabolic diseases, such as mus-
culoskeletal pain, ovarian dysfunction, infertility, incontinence, and the incidence
of cancer, are decreased. The procedure is performed laparoscopically, under general
anesthesia in the supine position, usually from 5 ports [14-16]. Patients are admitted
to the intensive care unit (ICU) for 1 day and in case of uncomplicated postoperative
course dismissed on 1st-3rd postoperative day.

Long-term, ideally lifelong follow-up is a necessity. Significant percentage of
patients after sleeve gastrectomy report gastroesophageal reflux disease that may
progress to Barrett’s esophagus. While proton pump inhibitors provide effective
therapeutic solution for majority of patients, conversion to RYGB may be necessary in
some patients.

5.2 Roux-en-Y gastric bypass (RYGB)

Roux-en-Y gastric bypass (Figure 2) means “in the form of a Y” in French. It is the
second most spread BMS procedure in the world. This operation consists of several
steps. First, a gastric pouch is formed, where a smaller part remains in contact with
the esophagus and a larger part is excluded from food intake and remains connected
to the duodenum. The goal is to create a small, about 20 ml, gastric reservoir. In the
next step, a biliopancreatic limb is formed, which is about 100 cm long (from the
ligament of Treitz) and is connected to the alimentary tract about 100 cm aboral from
the pylorus by jejunojejunostomy, and after that the continuity of the digestive tube
is restored by a gastrojejunostomy [17]. Mesenteric defect is closed with a continuous
suture to prevent internal hernia formation after anticipated significant weight loss.
Some surgeons close also the Petersen’s space. Patient is monitored in the ICU postop-
eratively, liquids are administered 3-4 hours after the operation through a straw, and
mobilization should be started 4-5 hours after the procedure. Nutritional therapist
provides education regarding the appropriate food intake and special diet. Hospital
stay is usually about 3 days.

Figure 2.
Roux-en-Y gastric bypass.
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The effect of gastric bypass is restrictive, malabsorptive, and metabolic. Reduced
volume of the stomach gives a feeling of satiety with less food intake while bilio-
pancreatic loop reduces absorption in the small intestine. Metabolic effect is most
pronounced in patients suffering from type 2 diabetes mellitus (DMT2). The opera-
tion is also beneficial for patients with gastroesophageal reflux disease. The effect
of therapy is long-lasting, and the EWL is around 70-80%. Complications tend to
be more frequent after RYGB, and morbidity is doubled compared to that of SG. It
is absolutely necessary to pay attention to the supplementation of micronutrients
and vitamins, as there is an increased risk of their depletion. Malnutrition with
liver cirrhosis is very serious consequence of non-compliance with the regime. The
follow-up must be performed at standard intervals, and laboratory control should
be scheduled once to twice per year. There is a recommendation of standard ion
and vitamin supplementation to all patients with possible modifications depending
on the laboratory findings. RYGB may also cause “dumping syndrome,” a group
of symptoms, including diarrhea, nausea, and feeling of sickness after eating or
drinking, especially sweets. The risk of internal hernia after RYGB should not be
underestimated. Also of note, tobacco and NSAIDs use considerably increases the
risk of peptic ulcerations.

5.3 One anastomosis gastric bypass (OAGB)

OAGB (Figure 3) is very similar to RYGB and its effect on weight reduction and
metabolic effect is practically identical [18]. Nevertheless, the procedure itself is tech-
nically easier. The principle of operation is construction of gastric reservoir, which is
longer than in the Roux-en-Y modification, but very narrow. It is created by gastric
resection along the 36F probe, similar to sleeve gastrectomy after the stomach is
partially cut at a right angle to the lesser curvature at the level of the angular incisure.
A simple side-to-side gastroenteroanastomosis is then created at a distance of 200 cm
from the Treitz ligament. Some studies confirmed certain degree of biliary reflux
but did not demonstrate a higher risk of gastric or esophageal cancer. Nevertheless,

Figure 3.
One anastomosis gastric bypass.
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presence of severe gastroesophageal reflux or Barrett’s esophagus represents contrain-
dication for OAGB. Postoperative care is identical to RYGB.

5.4 Biliopancreatic diversion with duodenal switch (BPD-DS)

Biliopancreatic diversion (BPD), originally proposed by Scopinaro in 1976, was
performed as a 2/3 resection of the stomach and division of the small intestine
into alimentary and biliary arm. In the alimentary arm, only carbohydrates and
proteins are resorbed while fat resorption takes place in the common channel of the
small intestine, 50 cm long, where both arms join. The procedure resembles gastric
bypass in the Roux-en-Y modification, but the so-called common channel, that
is, the part of the small intestine where all nutrients are resorbed, is significantly
shorter than in RYGB (Figure 4). This makes the effect of the operation more
pronounced, but at the same time, the quality of life is negatively affected and the
risk of malnutrition tends to be higher. In an effort to achieve more physiological
conditions during the passage of food through the stomach, Hess proposed an
operation called “biliopancreatic diversion with duodenal switch.” Gastric resection
is performed similarly to sleeve gastrectomy but a section of approximately 5 cm
of duodenum is left, and duodeno-entero anastomosis is created there. The goal
is to reduce acidity at the anastomotic site, achieve a quick feeling of satiety, and
preserve antropyloric function. Leaving a short section of the duodenum improves
the resorption of iron, calcium, and magnesium. It also eliminates the risk of
dumping syndrome and reduces the risk of ulcer formation in the anastomosis.

Figure 4.
Biliopancreatic diversion with duodenal switch.
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Figuress.
Single anastomosis duodenoileal bypass with sleeve.

Both modifications—BPD and BPD-DS—are currently performed worldwide only
in a minimal number of cases [19].

5.5 Single anastomosis duodenal-ileal bypass with sleeve (SADI-S)

SADI-S represents relatively new approach in BMS. The procedure is technically
easier than BPD. The first phase of SADI-S is sleeve gastric resection followed by the
transverse incision of the duodenum and creation of duodenoenteroanastomosis. The
small bowel suture site is 250-300 cm from the ileocecal junction (Figure 5). As such,
this operation achieves a combination of food intake restriction and severe malnutri-
tion, which makes this surgery very effective. SADI-S is more frequently used as a
re-do procedure after failure of previous sleeve gastrectomy rather than as a primary
surgery [20, 21].

5.6 Adjustable gastric banding (AGB)

This BMS procedure gained peak popularity in Europe at the turn of the millen-
nium. In principle, food intake is restricted by application of the silicone ring just
below the gastroesophageal junction thus creating a small gastric reservoir (Figure 6).
The tightness of the band can be adjusted by calibrating the balloon on its inner side
by injecting the physiological solution into the calibration chamber (connected with
the band by tube) that is subcutaneously implanted into the abdominal wall.

Currently, AGB is practically abandoned because of the fact that other operations
are significantly more effective in the long term [22]. At the moment, AGB accounts
for less than 1% of bariatric procedures performed worldwide.
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Figure 6.
Adjustable gastric band.

6. Emerging procedures
6.1 Single aastomosis sleeve ileal bypass (SASI)

SASI is the combination of sleeve resection and single side-to-side anastomosis in the
region of the gastric antrum and ileum, 250 cm before the ileocecal junction (Figure 7).
Part of the food passes through the natural pathways and part through the anastomosis,
which achieves a certain degree of malnutrition and activates intestinal hormones. The
great advantage of this procedure is the preservation of the passage through the pylorus
and the duodenum enabling endoscopic access to the papilla of Vater, which can be
truly important for the management of the common bile duct stones or other diseases
of the extrahepatic bile ducts. This operation, however, has not been recognized yet
as standardized BMS approach by the IFSO. SASI offers both excellent weight loss and
resolution of comorbidities. Some data suggest the average EWL at 12 months as high as
85.6% and diabetes remission in 95.8% of patients [23]. Nevertheless, more high-quality
and large-scale studies are still needed to support the efficacy of SASI.

7. Endoscopic procedures

Endoscopic bariatric metabolic procedures seem optimal in very high-risk patients
as a bridge to BMS rather than final solution. There are several endoscopic options
that are currently used in clinical practice.

Various types of gastric balloons reducing the effective volume of the stomach
have been designed. One of the most up-to-date examples is the Obalon, which can be
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Figure?7.
Single anastomosis sleeve ileal bypass.

swallowed as a small capsule on a connecting tube and then filled with liquid without
the aid of endoscopy. It is possible to place up to three balloons in the stomach, which
must be removed within 6 months endoscopically. Another interesting concept is rep-
resented by the so-called transpyloric shuttle. During this procedure, two intercon-
nected balloons are inserted endoscopically, the larger one in the stomach and smaller
one in the duodenum. The gastric part of the shuttle prolongs the evacuation of the
stomach (Figure 8). This system is indicated for the patients with BMI of 30-40 kg/
m” and can be left in place for 12 months.

Some endoscopic procedures reduce the volume of the stomach by suturing its
wall, thus mimicking SG. The Apollo overstitch system is capable of constructing
endoscopic transmural sutures. The disadvantage of the technique is an increased risk
of suture line failure compared to SG, which is reflected in the lower efficacy in terms
of the weight loss [24].

Another innovative endoscopic option is duodenojejunal sleeve. During the
procedure, polyethylene sleeve is anchored in the pyloric area by a metal ring with
hooks around its perimeter. The length of the sleeve is 60 cm, so it reaches up to the
proximal jejunum. This prevents contact of food with the mucosa of the duodenum
(Figure 9). As a result, anatomical and pathophysiological effects of the gastric
bypass are imitated. Nevertheless, endoscopic sleeve can only be left in situ for a
maximum of 12 months, after which it must be extracted. Data demonstrates weight
gain after sleeve explantation. Also of note, one of the studies had to be discontinued
due to unacceptable rate of complications [25].

In general, it can be concluded that endoscopic procedures have not yet been
proven effective in the long term. One can appreciate their importance in high-
risk patients for whom surgery would be unbearable, or, as a bridge to surgical
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Figure 8.
Transpyloric shuttle.
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Figure 9.

Duodenojejunal sleeve.

intervention. To evaluate the true potential of endoscopic procedures, future properly
designed larger-scale studies with long-term follow-up are necessary.
8. Discussion

Ideal BMS procedure should ensure maximal long-term EWL with minimal

complications. Nevertheless, universal single approach does not exist at the moment,
so patients require individual assessment and tailored therapy.
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In the past, gastric banding was very popular operation among both patients
and surgeons due to its relative simplicity, reversibility, and significant weight loss
achieved on solely restrictive principle. However, in the long term, EWL did not seem
sustainable. Also of note, complications requiring removal of the band lead to almost
100% yo-yo effect [26].

On the contrary, malabsorptive procedures proved to be highly successful in terms
of sustainable long-term weight loss, but their results were discredited by metabolic
complications and risk of disruption of the internal environment. Nevertheless,
RYGB has established itself as a relatively safe and effective option over the time,
providing also highly valuable metabolic effects in patients with DM, thus solving
very complex condition of obesity with insulin resistance. As such, RYGB began to be
widely promoted. However, technical difficulty of the the RYGB was stimulating the
search for simpler procedures that could comparably modify metabolic disease while
maintaining excellent long-term results. That is why OAGB has been gradually becom-
ing established in clinical practice as a technically simpler and feasible alternative to
RYGB. Besides sustainable EWL, OAGB positively affects DMT?2, dyslipidemia, and
arterial hypertension, as well as the other metabolic and obesity-related diseases [27].

Later on, interesting observation that SG indicated as the first stage of BPD-DS in
polymorbid high-risk patients appeared to provide comparable EWL as well as meta-
bolic effect, which led to the acceptance of SG as primary BMS procedure. The two main
reasons why SG is currently the preferred operation worldwide include excellent long-
term results and very good safety profile with minimal number of complications [28].

It is important to point out that correct timing of BMS is crucial for its success.
Although indication for surgery is relatively straightforward, patient must undergo
thorough preoperative preparation not only for the procedure itself but also for the
life after BMS. Therefore, multidisciplinary approach and assessment is inevitable.
The team consists of a surgeon, gastroenterologist, internist, nutritionist, clini-
cal psychologist, endocrinologist, diabetologist, and selectively other specialists if
needed. Every patient indicated for BMS should undergo behavioral intervention as
soon as possible—setting-up an ideal diet, defining lifestyle changes, and designing
regular physical activity program in the patient’s routine. The initial effect of this
complex behavioral therapy on EWL should subsequently be supported by pharma-
cotherapy to improve the patient’s adherence to therapy. Only the patient who can
successfully complete the preprocedural algorithm should be indicated for BMS with
the clear consent. If failure of surgical treatment is reported, it is usually caused by
failure to comply with the postoperative regimen in poorly prepared patients [29].

Any malnutritive procedure is potentially dangerous due to the risk of ion imbal-
ance and micronutrient and vitamin deficiency. Although this risk is the same for all
the patients in the beginning, there is a huge interindividual variability. Therefore,
regular laboratory and clinical checks are necessary after RYGB, OAGB, BPD-DS, and
SADI-S. The problem is especially pronounced in non-adherent patients who do not
follow the regimen and drop out from regular follow-up, but can occur even in those
complying with follow-up [30].

Also of note, the indication criteria for BMS have moved toward the lower BMI
limits recently. Generally speaking, a decrease of 5 kg/m? can be noticed. This means
that BMS is now available to wider range of patients at the earlier stage of obesity.

As higher BMI is associated with more severe obesity-related comorbidities and
disabilities as well as perioperative and postoperative complication rates, it appears
logical that shift toward lower BMI indications could be linked with better results and
subsequently with better quality of healthcare accessible to wider range of patients.
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The indication for BMS also used to be limited to an upper age limit of 65 years.
This policy is no longer valid as the age alone should not be considered a prohibitive
factor. Therefore, the decision is left to the attending surgeon and multidisciplinary
team on an individual basis, after careful assessment of biological age, comorbidities,
BMS risks, and benefits as well as patient’s preference.

Furthermore, the prevalence of obesity among the population younger than
18 years is increasing. Children and adolescents with severe obesity are at risk of
developing and worsening obesity-related comorbidities, especially hypertension,
DM, dyslipidemia, and sleep apnea syndrome, as well as facing psychological prob-
lems. Lifestyle changes play a crucial role in these patients, but in more severe obesity,
those are often insufficient while use of pharmacotherapy is limited in this age group.
Therefore, BMS has become indicated for adolescents under 18 years of age with
severe obesity. The preferred BMS procedures are SG and RYGB due to their excellent
long-term results. However, the indication has to be based on the careful assessment
of the multidisciplinary panel, and only after successful preoperative interventions
leading to a change in the lifestyle. Also, the compliance of the patients with recom-
mended postoperative regimen and long-term follow-up must be assured as vitamin
and mineral supplementation may be necessary. Successful BMS in the pediatric
patients with severe obesity improves the overall quality of life, solves the associated
comorbidities, and prolongs life expectancy in this subpopulation [31-36].

It is not uncommon for the initial BMS to fail and thus, re-do surgeries are not
unusual. The reasons may vary but they are mostly related either to non-compliance
with the postoperative regimen by the patient or inadequate choice of the procedure
by the surgeon. Most commonly, BMS reoperations are performed after gastric band
removal when SG is usually indicated. In case of failed SG due to dilated gastric
sleeve, a re-sleeve gastrectomy can be attempted, but higher complication rate can be
expected compared to primary procedure. In case of failed SG without dilatation of
the gastric sleeve, modification to OAGB, RYGB, or SADI-S is feasible, thus adding
malabsorptive effect to the procedure [37].

Currently, progress may be noted in the pharmacotherapy of obesity as well.
Significant weight loss can be achieved by using GLP-1 peptide analog (liraglutide),
the dual GLP-1/GIP receptor agonist (tirzepatide), and the triple-hormone-receptor
agonist (retatrutide). Randomized controlled trials provided support for the use of
liraglutide 3.0 mg for weight management in the adults with obesity or overweight
[38]. Recent meta-analysis suggested that tirzepatide led to substantial weight, BMI,
and waist circumference reduction for the cost of increased frequency of gastroin-
testinal symptoms (nausea, vomiting, and diarrhea) compared to placebo [39]. The
double-blind, randomized, placebo-controlled trial on 338 adults showed that reta-
trutide treatment for 48 weeks resulted in substantial reduction in body weight [40].
Although the weight loss under these novel medications appears to be comparable to
the results of BMS, future randomized trials are needed to assess the true potential of
pharmacotherapy to compete with surgical management.

9. Conclusion

BMS is currently the most successful therapeutic approach to obesity. It provides
desirable long-term effects and excellent results if patient complies with the post-
operative regimen. Besides weight loss, there are also positive effects on associated
metabolic diseases, obesity-related diseases, and overall increase in the quality of life
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that is achieved. Therefore, BMS has an impact not only from medical point of view
but also from psychological, social, and economic one. Prevention of complications
related to diseases associated with obesity thus significantly reduces the costs that
would have to be spent on their treatment in future. Also of note, obese patients often
complain about negative experiences in their social life with tendency to depression.
Successful BMS significantly improves their postoperative quality of life both from
physical and psychological perspectives.
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Chapter 8

Endoscopic Methods in Obesity
Treatment
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Abstract

Obesity is a multifactorial, chronic disease that occurs with a pathologic increase
in the body fat ratio and significantly increases mortality and morbidity. It has
become a global health problem with increasing prevalence day by day. Methods used
in the treatment of obesity are classified as diet, exercise, lifestyle changes, medical
treatments, surgical treatments and endoscopic treatments. Endoscopic treatments
are classified as intragastric balloon, transpyloric shuttle, endoscopic sleeve gastro-
plasty, gastric aspiration, small bowel procedures, duodenal mucosal resurfacing,
intragastric botulinum toxin A injection. Although surgical procedures are known as
the most effective methods in the fight against obesity today, the frequency and effec-
tiveness of endoscopic treatments are increasing day by day. Endoscopic methods in
obesity treatment are promising. There is a need for new methods with high efficacy
and reliability, easy application, low complication rate and low cost in the treatment
of obesity.

Keywords: obesity, treatment, endoscopy, intragastric baloon, transpyloric shuttle,
endoscopic sleeve gastroplasty, gastric aspiration, duodenal mucosal resurfacing,
intragastric botox

1. Introduction

Obesity is a multifactorial, chronic disease that occurs with a pathologic increase
in the body fat ratio and significantly increases mortality and morbidity. It has
become a global health problem with increasing prevalence day by day [1]. Between
1980 and 2002, the prevalence of obesity doubled in adults (aged over 19 years) and
tripled in children and adolescents (aged between 6 and 19 years) [2]. Obesity has
complex etiologic causes that cannot be defined as overeating alone. Genetic and
environmental interactions, behavioral disorders, metabolic and endocrine disorders
play an intertwined role in the etiology of obesity. Most of them occur as a result of
a series of vicious cyclical events that can be explained in a cause and effect relation-
ship. Although genetic and neuroendocrine factors are rarely encountered, environ-
mental factors constitute the basis of the etiology of obesity [3].

In the diagnosis and evaluation of obesity, the patient’s chronological history
of weight gain, the age at which the patient started to gain weight, the presence of
overweight people in the family, the ages of pregnancy, child rearing and menopause,
which are favorable periods for weight gain for female patients, how overweight
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affects the patient’s health, and the patient’s expectations from treatment should be
questioned. During physical examination, diseases that may cause obesity and the
main accompanying comorbidities; coronary artery disease, peripheral artery disease,
type 2 diabetes mellitus, obstructive sleep apnea syndrome should be questioned [4].

Anthropometric measurements are used to define and classify obesity. These
include methods such as body mass index, skinfold thickness and circumference
measurements [5, 6].

2. Obesity treatment methods
2.1 Diet, exercise, lifestyle changes

First of all, realistic goals should be set. Changes should be made in the person’s
eating habits and physical activity habits. In addition, activity and diet planning
should be increased gradually. Access to food intake should be made difficult and
self-control should be ensured. Alternative behaviors against eating stimuli should be
tried to be developed. Regular weight checks should be performed and social support
should be provided if necessary [7].

Diet therapy is applied to ensure a healthy and balanced diet, taking into account
the gender, lifestyle, age and physical activity status of the person. It is very important
in diet therapy to regulate the wrong eating habits in the process of becoming obese.
After the body weight reaches the desired level in diet therapy, it is also necessary to
maintain this level and to maintain eating habits for life. In diet therapy for children
as well as adults, diet programs are made to maintain development and growth [8].

Exercise, which is one of the methods and essentials of effective weight loss, is one
of the types of physical activity. Exercise, which is effective in the treatment of obesity,
should be done at moderate intensity, on average 5 times a week and each exercise should
be at least 30 minutes. Exercises that should be done in a disciplined manner can be
shaped according to the age, gender, living conditions and sports history of the person [9].

In addition to moderate exercises, the person should also do resistance exercises
that will work muscles such as the abdomen, hips, legs, shoulders and back. These
exercises, which will help to lose weight and help the body reach the desired index,
should be done 2 or 3 times a week. The energy burning of all these exercises is valid
not only during the activity but also after the activity [9].

In addition to diet, weekly exercise programs are one of the factors that prevent
the person from gaining weight again. Regular exercise should be continued after
reaching the desired weight. In addition to weight loss, exercise also makes people
feel good about themselves. Loss of confidence during obesity can be regained with
exercise and it is effective in preventing many diseases. Exercise reduces the risk of
many diseases such as decreased insulin resistance, cardiovascular, hypertension,
diabetes [9].

Lifestyle changes supported by healthy nutrition and exercise are indispensable
conditions for the treatment of obesity.

2.2 Medical treatment

Drug therapy can be used in the treatment of overweight and obese patients in
addition to diet, exercise and lifestyle changes. However, problems such as the effi-
cacy and safety of drugs, slowing and plateauing of weight loss during treatment, and
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weight regain when the drug is discontinued are the limiting points of drug treatment
in obesity. Drug treatment can be used for those with a BMI >30 kg/m” and those with
a BMI of 27-29.9 kg/m” with additional morbidity [10].

The rationality of the targets set is of great importance in the success of treat-
ment. Targeting the ideal normal body weight is not a realistic approach. Therefore,
physicians and patients should have a realistic approach to weight loss treatment at
the beginning. Success in treatment is measured by the amount of weight lost and
improvement in existing risk factors. Weight loss exceeding 2 kg in the first month of
drug treatment, losing 5% of the basal weight in the 3rd-6th months and staying at
this level can be considered an effective treatment. A 5-10% weight loss significantly
reduces the risk for diabetes and cardiovascular disease [10, 11].

Drug treatment does not provide a curative result in obesity. During treatment,
weight loss stops after maximal treatment response is achieved. After drug treat-
ment is discontinued, weight gain may occur again. Obese patients with concomitant
diabetes, depression and cardiovascular diseases should be advised to choose treat-
ments that have a weight loss effect rather than weight gain when planning drug
treatment for these conditions. Currently, the drugs approved by the US Food and
Drug Administration (FDA) for the treatment of obesity are phentermine, diethyl-
propion, phendimetrazine, benzfetamine, orlistat, lorcaserin, phentermine/topira-
mate-Extended Release (ER) combination. Of these drugs, only orlistat, lorcaserin,
phentermine/topiramate-ER are approved by the FDA for long-term use. The others
are only approved for short-term (a few weeks) use. All drugs are approved for use in
patients with a BMI > 30 kg/m® Benzfetamine and diethylpropion can also be used
in patients with a BMI > 27 kg/m” and an additional obesity-related comorbidity
(hypertension, diabetes). Recently, drugs with the active ingredients semaglutide and
liraglutide have also been used in the treatment of obesity and show promise [12].

2.3 Surgical treatment

In 1991, the US National Institutes of Health Consensus Conference decided that
surgery should be considered as a treatment in selected patients when it became clear
that non-surgical treatments resulted in little weight loss and subsequent weight
regain. At the same time, the committee recommended that these patients should be
evaluated by a multidisciplinary team before surgery and followed up for life after the
operation is performed under appropriate conditions [13-15].

If we look at the historical development of bariatric surgery, the first operations
were performed in the 1950s to treat severe hyperlipidemia associated with obesity.
These operations were ileocolic bypass operations to limit absorption and caused
severe postoperative nutritional complications and liver failure. The jejunoileal
bypass was then developed and became popular in the mid-1970s [13, 14].

In 1969, Mason and Ito performed the first gastric bypass, which they described as
the connection of a jejunum ring to a transverse proximal gastric pouch. Postoperative
bile reflux esophagitis was severe and Griffin et al. described the roux-n-Y modifica-
tion of the gastric bypass in 1977 [14-17].

In 1980, Mason performed the first VBG. This surgery initially achieved excel-
lent weight loss with low mortality and morbidity and became the most commonly
performed bariatric operation in the US in the 1980s. However, from the early 1990s,
patients who underwent VBG surgery regained weight. In the long term, weight loss
was small and by the 1990s, the roux-n-Y gastirk bypass became the preferred opera-
tion of bariatric surgery in the US [18-19].
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In Italy, Scopinaro developed biliopancreatic diversion in the 1980s. This opera-
tion, together with its modification including duodenal switch, has been the only
malabsorptive operation with long-term success. It represents less than 5% of the
operations performed in the USA [19, 21].

Laparoscopic bariatric surgery started in the 1990s. Belachew performed the
first laparoscopic adjustable gastric band operation in 1994. Wittgrove and Clark
performed the first laparoscopic RYGB in the same year. In 2001, the application of
LAGB was approved in the USA. Its popularity increased until 2009, but has declined
since then. Laparoscopic sleeve gastrectomy (LSG) has enjoyed a rapidly increasing
popularity in the US and internationally since 2008 [21].

The most commonly used bariatric surgery methods today are Laparoscopic Sleeve
Gastrectomy (LSG), Roux n Y Gastric Bypass (RYGB), Single Anastomosis Gastric
Bypass (OAGB), Transit Bipartition (TB), Biliopancreatic diversion and duodenal
switch (BPD-DS), Single Anastomosis Duodeno-ileal bypass (SADI-S), Single
Anastomosis Sleeve-Ileal Bypass (SASI Bypass) [18-21].

2.4 Endoscopic treatment methods

The advantages of endoscopic methods used in the treatment of obesity are that they
are minimally invasive, have a reversible effect, are reproducible, are a cost-effective
treatment option, and can be used for bridging before surgical treatment. Endoscopic
bariatric procedures are divided into two categories: interventions in the stomach and
interventions in the small bowel. Gastric interventions include gastric balloon, transpy-
loric shuttle, endoscopic sleeve gastroplasty, pose and gastric aspiration. Interventions
in the small intestine include duodenojejunal diversion, gastroduodenojejunal bypass,
jejunoileal diversion and duodenomucosal resurfacing/remodeling (Figure 1) [22].

2.4.1 Intvagastric balloon

Intragastric balloon application is one of the most commonly used endoscopic
bariatric methods today. In 2015, it received FDA approval for use in the treatment of
obesity. While the peripheral effects of intragastric balloon application are known as
reducing gastric volume and slowing gastric emptying; central effects can be counted
as activation of gastric tension receptors, signal transmission to the hypothalamus
via vagal nerve and early satiety. In 2022, indications for use were specified in the
Indications for Metabolic and Bariatric Surgery guidelines published by ASMBS and
IFSO. In addition, the areas and conditions of use are also specified in the Spanish and
Brazilian intragastric balloon application consensus [23-25].

According to the Brazilian intragastric balloon consensus agreement, indica-
tions are defined as being over 12 years of age (no upper age limit (signed by both
parents)), body mass index over 25 and failure of diet, exercise and lifestyle changes,
and bridge treatment before bariatric surgery. Contraindications were defined as the
presence of active peptic ulcer, presence of gastric or esophageal varices, presence of
hiatal hernia larger than 5 cm, and previous gastric surgery. According to this consen-
sus, the intragastric balloon should be removed in case of intolerance (severe nausea
and vomiting attacks, severe pain), recurrent fluid-electrolyte disturbance, balloon
deflation (methylene blue—72 hours), gastrointestinal bleeding, moderate to severe
pancreatitis and pregnancy (2nd trimester) during treatment [24, 25].

Ideal balloon characteristics are defined as a material with a smooth surface,
made of durable material, inflatable with liquid or air, adjustable in volume, with
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1. Small bowel interventions
A. Duodencjejunal diversion

1. Gastric interventions

Endoscopic
Bariatric
Therapies

Figure 1.
View of endoscopic treatment methods [22].

a radio-opaque marker to facilitate follow-up [23-25]. The most commonly used
intragastric balloon types today are Orbera, ReShape Duo, Obalon, Heliosphere,
Spatz and Elipse. Some characteristics of intragastric balloon types are summa-

rized in Table 1.

* Obese patients undergoing IGB treatment require concomitant dietary and
lifestyle modification.

* PPI prophylaxis should be performed in individuals undergoing IGB therapy.
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* Intraoperative anesthetics associated with the lowest incidence of nausea should
be used during the procedure.

* A planned anti-emetic regimen is recommended for 2 weeks post-procedure.

* Multivitamin supplementation at a daily dose of 1-2 adult doses (Figure 2)
[23-25].

2.4.2 Trans Pyloric Shuttle

Trans Pyloric Shuttle (TPS) is an endoscopic, minimally invasive method for the
treatment of obesity. The TPS is an apparatus that has two ends and is connected to
each other with flexible silicone. When the larger part is inflated and filled, it takes
the shape of a bulb. The large part of the TPS apparatus, which is delivered to the
stomach with an endoscopic application device, is inflated and filled with a coil-like
mechanism. After the TPS is endoscopically inserted into the stomach, it remains
free in the stomach. Since the small part can easily pass through the pylorus, it passes
through the pylorus with peristaltic movements and delays gastric emptying due
to the intermittent formation of the large part in the pylorus and at the same time
accelerates the filling time of the stomach. This device can stay in the stomach for
12 months and at the end of this period, the internal coil in the large bulb-like part of
the TPS is unlocked endoscopically, the part inside the coil is removed first, and the
large part is taken out of the stomach after it is narrowed (Figures 3 and 4).

After the results of the Endobesity II study were published, TPS received FDA
approval in 2019. According to this study, TWL was 9.5% in patients who underwent

8
Figure 2.
Intvagastric balloon material.
Large Bulb Small Bulb
A
——xQ}))
| ST - \
| /\ Tether
/" Compliant
Cone
Lock-Release
Cap

Transpyloric Shuttle (TPS)

Figure 3.
Transpyloric shuttle [26].
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Figure 4.
Image of the transpyloric shuttle in the stomach [26].

TPS and 2.8% in the control group after 12 months of follow-up. In terms of serious
side effects, 4.69% of patients who underwent TPS experienced side effects, while
this rate was 1.12% in the control group [26].

2.4.3 Endoscopic sleeve gastroplasty

Endoscopic sleeve gastropilasty (ESG) is a globally accepted method for the
treatment of obesity. Although bariatric surgery is the most effective method in the
treatment of obesity, many patients avoid surgery because it is perceived as invasive
and fear of complications. ESG is a less invasive and organ-sparing option in the
treatment of obesity. Endoscopic gastroplasty alters the anatomy and physiology of
the stomach by folding the gastric walls and reducing the intragastric volume by up to
75%. Functional exclusion of part of the stomach results in a reduction of both gastric
volume and motility [27].

ESG is performed with two types of FDA-approved devices: Overstitch platform
(Apollo Endosurgery, Austin, TX), Primary Obesity Surgery Endoluminal (POSE)
(USGI Medical, San Clemente, CA).

The Overstitch platform (Apollo Endosurgery, Austin, TX) is used to endoscopi-
cally perform gastroplasty with full-thickness suturing and plication of the greater
curvature from the inside. This procedure is the most commonly performed endo-
scopic gastroplasty in recent years. ESG has been shown to be beneficial for weight loss
by both reducing gastric volume and gastric emptying [27]. It also has effects on gut
hormones and has been shown to reduce ghrelin levels [27]. The most common side
effects are nausea and vomiting and abdominal pain. Leakage and free fluid around
the stomach, gastric bleeding, some cases of venous thromboembolism and other
complications such as pneumotrax, pneumperitnyum have also been seen [27, 28].

Contraindications for ESG, as with other endoscopic options for the treatment of
obesity, include large hiatal hernia, gastric ulcer, gastric tumors or intestinal metapla-
sia, previous surgical procedure, pregnancy, continuous monitoring and anticoagu-
lant use [27, 28].
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There are many studies in the literature on this technique. Seven studies including
6775 patients (3413 with ESG and 3362 with LSG) were included in Beran et al. ESG
and LSG were compared in the short and long term and significant differences in
TBWL% were seen in favor of LSG. The trend towards a lower incidence of adverse
events in ESG compared with LSG did not reach statistical significance (RR 0.51,
95% CI 0.23-1.11, P = 0.09). The incidence of new-onset gastroesophageal reflux
disease (GERD) was significantly lower after ESG compared to LSG, 1.3% versus
17.9%, respectively (RR 0.10, 95% CI 0.02-0.53, P = 0.006). ESG provided clinically
adequate but lower short- and medium-term weight loss and resulted in fewer adverse
events, including GERD, compared to LSG. Given the gastroprotective nature of ESG
and its acceptable safety profile, it may be considered as an alternative to LSG for
patients with mild to moderate obesity [28].

In a study by Lopez-Nava et al. with 248 patients, TBWL was 18.5% after
24 months of follow-up in patients who underwent ESG [29].

In the 91-patient study by Sharaiha et al. TBWL was 17.6% after 1-year follow-up
(76% patient follow-up rate). At the same time, the reduction in medical comorbidities,
HgA1 C, Blood Pressure, Triglyceride and ALT values were statistically significant [30].

In another study of 148 patients, endolumenal sleeve gastrolasty resulted in a
TWBL of 17.53 + 7.57% at 1 year and 18.5 + 9% at 18 months. Leptin hormone levels
unexpectedly decreased in every patient. As a complication, only 1 patient had a
hemorrhage during the passage of the suture helix, which was resolved by sclero-
therapy. In this study by Moreles et al., a continuous suture line was created using 4
parallel “Z” suture patterns to minimize the gastric cavity. The suture pattern aimed
to eliminate the effect of the distorting force on the suture and to provide a homoge-
neous distribution between all suture points [31].

Comparison of ESG studies is very difficult due to the difference in technical proce-
dures. However, many studies have been conducted by describing continuous sutures.

Primary obesity surgery endoluminal (POSE) uses an incisionless surgical sys-
tem to create full-thickness plications in the gastric fundus and body. Many studies
have demonstrated the safety and efficacy of the original POSE for the treatment of
obesity.

In the meta-analysis by Singh et al. 7 studies were included, 2 of these studies
were randmized controlled studies while the others were observational studies. At
the end of 12-15 months follow-up, EWL was 48.86% and TWL was 12.68%. Serious
adverse events included GI bleeding, extra-gastric bleeding, hepatic abscess, severe
pain, severe nausea and severe vomiting; the overall incidence of these serious adverse
events was only 2.84% [32] (Figure5).

POSE 1 anatomically reduces the gastric fundus and places a plication line hori-
zontally into the distal gastric body. In POSE 2, by placing plications in the greater
curvature of the stomach starting from the level of the incisura and extending
proximally to the corpus, the volume of the stomach is reduced so that a small reser-
voir of food remains in the fundus and the stomach is somewhat reduced and short-
ened. Both ESG and POSE have shown both gastric volume reduction and hormonal
efficacy when compared with other endoscopic procedures. In addition, both ESG
and POSE procedures have similar efficacy [33].

2.4.4 Gastric aspiration therapy

The AspireAssist device (Aspire Bariatrics, King of Prussia, PA) is a type of endo-
scopic gastrostomy tube. It works by partially aspirating ingested food. It is reversible
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POSE 1

POSE 2

Figure 5.
Illustration showing the differences between the POSE 1 and POSE 2 procedures.

and does not cause significant changes in the anatomy of the stomach. First, the
AspireAssist device is inserted. Gastric content is aspirated by feeding water through
the part connected to the external apparatus.

In the pilot study conducted by Sullivan et al. in 18 individuals with obesity, 11
patients randomly assigned to aspiration therapy and lifestyle therapy, and 7 patients
to lifestyle therapy only. Lifestyle therapy consisted of a 15-session dietary and behav-
ioral education program. After 1 year, TBWL % was 18.6% + 2.3% in the aspiration
therapy group and TWBL % was 5.9% =+ 5.0% in the lifestyle therapy group. There
was no significant difference between the two groups (p < 0.4) (Figure 6) [34].

2.4.5 Small bowel procedures

Duodenal bypass sheaths are closed sheaths placed between the mucosa and the GI
lumen to block the digestion and absorption of nutrients. Currently, these devices are
not FDA approved. Most of the literature mentions the EndoBarrier, a duodenal-jejunal
bypass sleeve (DJBS) with alength of 60 cm. During insertion, a self-expanding nitinol
anchor is placed inside the duodenal bulb and an impermeable fluoropolymer liner is
placed distal to the proximal jejunum. Similarly, the ValenTx is a 120 cm gastro-duodenal-
jejunal bypass that is fixed at the gastroesophageal junction and extends into the jejunum.
Laparoscopic assistance is required for the placement of this second device [35-38].

A rapid improvement in T2DM and glycemic control, as well as hormonal changes,
has been noted after DJBS implantation [39, 40]. Munoz et al. [41] suggest additional
weight-independent glycemic control mechanisms. Jirapinyo et al. [42] published a
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Figure 6.
Aspire Bariatrics AspireAssist. Notes: (A) aspiration tube and skin port in place and (B) external device
connected for aspiration [34].

meta-analysis of 4 RCTs showing a 1.3% reduction in HbAlc and a significant reduc-
tion of 0.9% compared to control. This reduction was maintained after 6 months.
Pooled data from observational and RCTs showed a TWL of 18% that remained
significant after 1 year; GLP-1, PYY and ghrelin increased while glucose-dependent
insulinotropic polypeptide decreased [41, 42].

There are still safety issues in using these methods that need to be addressed.
Betzel et al. [43] published a systematic review of 1057 patients, of whom 33 had
serious adverse events, or 3.7%. These included 11 hepatic abscesses, 8 gastrointesti-
nal bleeding, 4 esophageal perforation and 3 acute pancreatitis. 8 patients required
surgery but no deaths were reported. Despite these risks, Laubner et al. [44] showed a
possible positive risk-benefit ratio in favor of DJBL for the treatment of T2DM.

Currently, bypass procedures are performed laparoscopically with stapler or
manual anastomosis. Similarly, performing anastomoses is endoscopically challenging.
For the treatment of obesity, type II diabetes and malignant obstructions, a completely
endoscopic method of creating a durable reliable bowel bypass is desirable [45-47].

Ryou et al. performed endoscopic jejuno-ileal anastomosis in an animal experi-
ment on 8 pigs. Since the anatomy of the pigs was not suitable, ileal magnets were
placed laparoscopically and anastomoses were checked after 3 months in 8 pigs and it
was observed that the anastomoses were successful [48]. In the pilot study conducted
by Sullivan et al., enteroscopy and colonoscopy were performed in 10 people with
obesity and magnets were placed in jejunum and ileum. With the help of laparos-
copy, the correct position of the magnets was controlled and adhesion was assisted.
Successful anastomoses were performed in normal form. Common side effects were
vomiting and diarrhea. At the end of 6 months, TWL was 10.6% (EWL was 28%).
HDbA1C levels decreased in 4 patients with diabetes [49].

2.4.6 Dudenal mucosal surfacing

Duodenal mucosal resurfacing is performed using specially designed catheters
(Fractyl Laboratories) advanced through a guidewire next to the endoscope.
Duodenal mucosal resurfacing (DMR) is a single, minimally invasive endoscopic pro-
cedure that involves circumferential hydrothermal ablation of the duodenal mucosa
followed by regeneration of the mucosa. Before ablation, the mucosa is removed with
saline to protect the outer layers of the duodenum. A first-in-human study showed
significant improvements in glycemia in T2D patients after DMR and suggested a
positive correlation between the length of the ablated segment and efficacy [50].
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Figure7.

Endoscopic interventions for obesity and dysmetabolic conditions. Endoscopic interventions: (a) duodenal mucosa
resurfacing, (b) intragastric botox injection, (c) gas-filled intragastric balloon, (d) liquid-filled intragastric
balloon, (e) transpyloric shuttle, (f) duodenal-jejunal bypass liney, (g) gastro-duodenal-jejunal bypass linev, (h)
endoscopic sleeve gastroplasty, (i) primary obesity surgery endoluminal, (1) aspiration therapy, and (m) partial
Jjejunal diversion [36].

Baar et al. evaluated 36 patients and found that DMR is a feasible and safe endoscopic
procedure that provides durable glycemic improvement in suboptimally controlled
T2D patients on oral glucose-lowering medication regardless of weight loss [51].

2.4.7 Intragastric botulinum toxin a (BTA) injection

Botulinum toxin A (BTA) injection may temporarily inhibit gastric peristalsis by
paralyzing the muscular layer of the stomach. This can delay gastric emptying and
prolong the duration of satiety. Conflicting evidence on efficacy has been published.
Early studies showed weight loss through delayed gastric emptying without side
effects [52-54]. In 2015, a meta-analysis of 8 studies concluded that BTA is effective in
the treatment of obesity [55]. A recent meta-analysis concluded that intragastric BTA
injection is not effective [56]. In another study, intragastric injection of BTX-A does
not seem to be an effective method to achieve preoperative weight loss in super obese
patients [57]. In a systemic meta-analysis conducted by Yen et al. [58], 192 individuals
were evaluated in 6 randomized controlled studies. Intragastric BTA injection was
found to be effective in the treatment of obesity, adequate dose (=200 U), multiple
gastric injection sites and combined diet control are very important. However, caution
should be exercised due to the small sample size and limited power (Figure 7) [58].

3. Conclusion

Although surgical procedures are known as the most effective methods in the fight
against obesity today, the frequency and effectiveness of endoscopic treatments are
increasing day by day. Endoscopic methods in obesity treatment are promising. There
is a need for new methods with high efficacy and reliability, easy application, low
complication rate and low cost in the treatment of obesity.
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Chapter 9

One Size Does Not Fit All:
Complexity of Lifestyle
Interventions in Primary Care T2D
Prevention — Supporting Weight
Loss and Weight Loss Maintenance

Maija Huttunen-Lenz

Abstract

Type 2 Diabetes (T2D) is a growing public health problem with potentially severe
consequences for those affected. An unhealthy diet leading to being overweight
combined with a sedentary lifestyle is considered a significant risk factor in the
development of T2D. Changes in lifestyle, especially in diet and physical activity
behaviors enabling sustained weight loss, can support T2D prevention. Changing life-
style behaviors can, however, be challenging. Many individuals perceive intervention
attendance and adherence as challenging. Behavioral interventions in T2D preven-
tion are complex due to multiple interactions between intervention components
and participants. This chapter discusses intervention complexity, mechanisms, and
social-cognitive characteristics in T2D prevention interventions aiming for sustained
weight loss. Social-cognitive factors refer to diverse attributes that may influence the
success of behavior change. Here, self-efficacy, goal attainment, and participants’ sex
and socioeconomic status are discussed. Challenges and potential solutions in design-
ing and delivering T2D prevention interventions in primary care are reflected.

Keywords: Type 2 Diabetes, overweight, public health, sedentary behaviour, lifestyle,
risk factors, weight loss, diet, physical activity, social-cognitive factors

1. Introduction

T2D is a significant public health issue that can have severe consequences for those
affected [1].

This chapter discusses the complexity of interventions for T2D prevention
through lifestyle changes. It explores how the complexity of the interventions can
affect their effectiveness. Additionally, this chapter discusses social-cognitive factors
that can impact behavior change and intervention outcomes. Social-cognitive factors
discussed in this chapter include self-efficacy, goal attainment, and participants’ sex
and socioeconomic status. Research has shown that lifestyle change interventions can
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effectively prevent T2D [2, 3]. However, it is essential to note that these interventions
may also increase health inequalities [4, 5]. This is because women and individuals
with higher socioeconomic status are often overrepresented among participants, even
though men, ethnic minorities, and those from lower socioeconomic backgrounds
have a higher risk of T2D and would benefit significantly from lifestyle interventions
[4, 6-8]. Therefore, it is essential to ensure that T2D prevention programs are acces-
sible to all individuals, regardless of background. Finally, this chapter reflects on

the challenges of designing and delivering T2D prevention interventions to achieve
sustained weight loss in primary care and potential solutions.

2.T2D and prevention

T2D is a growing public health concern, with an estimated global prevalence of
6.1% [1, 9]. This is expected to double by 2050 [1, 9]. A combination of reduced insulin
secretion and increased insulin resistance causes T2D. The development of T2D is
preceded by prediabetes, an intermediate stage between normal glucose metabolism
and T2D [10, 11]. T2D is a chronic condition that worsens over time, leading to
physical damage and poorer health outcomes [12]. Over time, T2D can have serious
consequences, including lasting damage to the cardiovascular and nervous systems.
Individuals with T2D are at an increased risk of nerve impairments, including loss of
feeling in extremities like feet due to nerve damage. They also have an increased risk
of cardiovascular incidents such as stroke due to damage to the cardiovascular system
[13]. Consequently, T2D is associated with higher societal and individual costs and
lower quality of life among those affected [9, 14]. Therefore, prevention of T2D in
primary care is essential to improve individual and population-level health [14, 15].

The primary risk factors for developing T2D include being overweight or obese,
along with a sedentary lifestyle. In particular, an unhealthy diet that leads to over-
weight and obesity, combined with a lack of physical activity, is considered to be a key
factor that increases the risk of developing T2D [2, 16]. However, the risk of develop-
ing and the progression of T2D can be modified through preventive lifestyle interven-
tions. Research has shown that lifestyle interventions can potentially change the course
of T2D by slowing, stopping, or even reversing the disease progression [17-20]. Several
studies have suggested that sustained weight loss can have potential benefits in pre-
venting T2D. Consequently, lifestyle interventions are commonly recommended in the
prevention of T2D. These interventions focus on achieving and maintaining a healthy
weight through diet and physical activity changes [2, 21-23]. However, despite the
benefits, many people find sustained weight loss challenging [2, 21, 24].

Primary prevention of T2D refers to efforts to prevent the risk factors for developing
T2D from emerging, thus reducing the likelihood of developing T2D [25]. This type
of prevention is often aimed at the population level, including health education and
campaigns targeting the population more widely [25]. Here, prevention is used to refer
to secondary and tertiary prevention among high-risk populations such as those with
prediabetes (secondary prevention) or those already diagnosed with T2D (tertiary
prevention) [25, 26]. Individuals with prediabetes have a high risk of progressing to
T2D, while those with diagnosed T2D are at increased risk of adverse health outcomes.
Individuals with prediabetes or T2D are vulnerable to disease progression and have
a higher likelihood of gradually worsening health outcomes [25, 26]. This chapter
discusses lifestyle interventions for those with prediabetes or T2D, encouraging weight
loss and maintenance to slow, stop, or reverse the disease progression [17-20].
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Although lifestyle interventions have significant potential in preventing T2D,
certain limitations may constrain their efficacy. There are certain limitations that can
affect the outcome of an intervention. These limitations arise due to self-selection
by attendees and participants leaving the intervention before its completion [21, 27].
However, despite these challenges, complex and multidisciplinary lifestyle interven-
tions have shown promise in supporting sustained weight loss for T2D prevention
in primary care and are considered a cost-effective approach [1, 27, 28]. Effective
design and delivery of T2D prevention programs based on lifestyle changes requires
evidence-based and theory-based information for public and primary healthcare
providers [29, 30]. In addition, since the effectiveness of lifestyle interventions in the
real world often falls short of the efficacy observed in trial conditions [31], primary
care providers require knowledge about intervention pathways, that is, how the
intervention produces the desired outcomes and how the characteristics of the target
population may interact with the intervention pathways and outcomes [32].

3. Complexity in behavioral lifestyle interventions in T2D prevention

Complexity in behavioral lifestyle interventions refers to the various components
of an intervention and the interactions between and within these components, which
ultimately shape the outcomes of the intervention [33, 34]. Intervention components
include techniques utilized to modify behaviors, the targeted population, the location
of the intervention, personal factors, intensity, formats such as individual or group
interventions, and time of day [33, 34]. The interactions within and between these
intervention components can be either anticipated or unforeseen, but they all play a role
in determining the intervention’s outcomes [33, 34]. For instance, an anticipated inter-
action between intervention components could be the relationship between the selected
intervention location and the target population. Locations with easy access to public and
private transportation will be more accessible to a larger group of individuals within the
target population than remote locations that are primarily accessible by private means
of transportation. On the other hand, unforeseen interactions may refer to unexpected
participant group dynamics that either facilitate or hinder the achievement of the
intervention’s outcomes. An example of intervention complexity is shown in Figure 1.

Developing a healthier and sustainable diet and physical activity habits is crucial
in preventing T2D [2]. However, creating new health behaviors can be challenging.
Therefore, behavioral intervention for T2D prevention is complex, involving multiple
interconnected components that can affect the desired outcomes [30, 34]. Like other
complex healthcare interventions, preventive interventions for T2D must consider the
complexity within and between the intervention, social structures, and environment
in which the behavior change occurs [37-39]. It can be a daunting task trying to make
sense of this complexity while designing preventive T2D interventions. Therefore, it
has been suggested that identifying and describing effective and adaptable behavior
change techniques (BCTs) and intervention mechanisms [40-42] could improve
the design and delivery of behavioral interventions for T2D prevention [30, 43].
Intervention mechanisms refer to the processes through which the BCTs deployed in
an intervention are expected to impact the targeted behaviors [27]. In other words,
intervention mechanisms describe how the selected BCTs (e.g., knowledge) are
expected to impact behavioral determinants (e.g., beliefs about ability) that affect
the performance of specific behaviors, which, in turn, influence the likelihood of
performing a behavior such as physical activity [43].
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Characteristics of intervention target
population e.g.

Age, sex, education, ethnic background,
religion, care responsibilities, work,

Characterisctis of Intervention e.g.
Individual or group format

In present or remote access (e.g. video
conference)

Intensity - haw often and long each session

Cost for participants (participation, fees,

income need for equipment or other material)
Personel involved in delivery

Desired intervention
outcomes

Weight loss

Weight loss maintenance

Leading to reduced
likelihood of
development or
progression of T2D

Intervention time and location e.g.

Accessibility of location
Time of the day
Altractiveness of intervention

Planned intervention mechanisms e.g.

locaticn Acceptability of behaviour change
Availability of the facilities at the technigues (BCT)

location

Targeted behavioural determinants
Targeted behaviours
Participants ability to perform expected
diet and physical activity behaviours

Figure 1.
Example of complexity in behavioral T2D prevention intervention. Adapted from [30, 34-36].

Improved identification of the BCTs that are best suited to impact defined behavioral
determinants has facilitated the identification of intervention mechanisms and thus
enhanced the design of behavioral interventions [44], including those in the prevention
of T2D. As described above, behavioral mechanisms explain how selected BCTs are
expected to facilitate changes in behavioral determinants. For example, a BCT, such as
increasing skills, can facilitate improved self-efficacy, which, in turn, facilitates changes
in behaviors, such as physical activity, that lead to desired outcomes such as sustained
weight loss [43]. In behavioral lifestyle interventions, self-efficacy is seen as a central
behavioral determinant that describes individuals’ beliefs about their ability to perform
goal-related behaviors and overcome obstacles [45, 46]. A behavioral mechanism
explains how skills training, BCT can improve self-efficacy, increasing the probability of
engaging in physical activity. Therefore, improving physical activity skills is expected to
increase the likelihood of performing physical activities. This, in turn, supports weight
loss in T2D prevention interventions [43, 44]. However, despite carefully planned
intervention mechanisms, unexpected interactions between the deployed BCTs and the
participating individuals may create unforeseen mechanisms that hinder or facilitate
achieving the intended outcomes [43, 47].

In the prevention of T2D, a combination of physical activity and dietary changes that
result in sustained weight loss is crucial [48]. Many behavioral interventions for T2D
prevention encourage participants to alter their behaviors to promote a healthier diet and
physical activity, leading to sustained weight loss [21]. However, despite weight loss bene-
fits, many intervention participants struggle to achieve long-term weight loss [49, 50]. It is
suggested that using an intervention theory, which involves planning intervention mecha-
nisms based on behavioral theories, can improve the transparency and effectiveness of
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interventions [30, 51]. However, even though the existing behavior change theories can
provide a framework for theory-based behavioral mechanisms in T2D prevention, a clear
theoretical framework is often not articulated at the intervention design stage, which can
hinder later evaluation of intervention effectiveness ([32], e.g., [52-54]).

4. Research to practice transfer of preventive T2D lifestyle interventions

T2D prevention often occurs in primary care, where primary care providers are
responsible for designing and delivering preventive interventions. However, primary
care providers may have limited expertise in adapting complex behavioral interven-
tion research in primary healthcare practice [43, 55]. Researchers are not commonly
involved in designing and delivering T2D behavioral interventions within local primary
healthcare systems [56]. Primary care practitioners are left to infer research results for
practical use. Therefore, it is crucial to have readily available information about effective
intervention mechanisms and BCTs that can be efficiently utilized in practice. Without
this information, research to practice transfer in T2D prevention may be significantly
hindered, as primary care practitioners may struggle to adapt research into practical
behavioral interventions within local primary care systems [57-59]. This is why the
importance of intervention theory is highlighted, as it can provide clear and easily acces-
sible information about effective intervention features [34]. It is common for behavioral
interventions to perform better in experimental settings than when applied in everyday
healthcare environments due to the challenges practitioners face in interpreting and
replicating research into practice [31].

5. Social-cognitive attributes in preventive T2D lifestyle interventions

Social-cognitive attributes refer to individual characteristics such as age, educa-
tional achievement, employment status, family situation, intentions, beliefs about
consequences, and self-efficacy. These attributes vary among individuals, over time,
and in different situations and can impact the success of T2D prevention interven-
tions [60, 61]. T2D risk is not equally distributed among different demographics.
People with male sex, non-Caucasian ethnicity, and lower socioeconomic status are
at a higher risk of experiencing adverse consequences from T2D. Unfortunately, these
characteristics are associated with a lower likelihood of intervention enrolment and a
higher likelihood of intervention cessation in T2D lifestyle interventions [4, 5, 8, 62,
63]. This presents a challenge for designing T2D prevention interventions. It requires
addressing cognitive factors like self-efficacy and social support during behavior
modification and considering characteristics such as age and sex that can influence
behavior modification [54, 61].

Encouraging attendance and adherence to interventions is crucial to ensure the
best possible chances of achieving the intended outcomes [35, 46]. Different social-
cognitive factors may be involved in individuals’ decisions to attend an intervention
and later adhere to it. These factors may include fear of T2D consequences and
increased self-efficacy to cope with lifestyle changes. Interactions between the diverse
factors and intervention components mean that the same social-cognitive factors may
directly and indirectly influence intervention success [34, 64, 65]. Intervention design
should consider strategies that encourage enrollment and reduce cessation, both
influenced by social-cognitive characteristics [8, 35].
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Here, the focus is on how social-cognitive factors, BCTs, and behavioral mecha-
nisms influence participants’ engagement in T2D lifestyle interventions and success
in achieving sustained weight loss. In this regard, factors such as mood and stress,
which may also affect the success of the intervention, are not discussed here [65-68].
Furthermore, this chapter does not aim to provide an in-depth analysis of the various
social-cognitive factors, BCTs, or intervention mechanisms as described in different
behavior change models and theories ( [69], e.g., [70-72]). Instead, this chapter dis-
cusses social-cognitive variables of self-efficacy, goal achievement, and participants’
sex and socioeconomic status.

5.1 Self-efficacy in preventive T2D lifestyle interventions

Self-efficacy is considered one of the key mechanisms in behavior change due to
its role in regulating feelings, thinking, and, ultimately, behaviors [69]. In various
theoretical models, such as the Theory of Planned Behavior [73], the Social Cognitive
Theory [74], or the Transtheoretical Model (TTM) [75], self-efficacy has a central
role. Self-efficacy refers to an individual’s belief in their ability to overcome obstacles
while striving toward their goals [54]. Various studies have shown that self-efficacy
plays a significant role in achieving and maintaining weight loss [45]. Higher levels
of self-efficacy have been linked to increased physical activity in T2D prevention
interventions, leading to better weight loss outcomes [47, 76]. Building new lifestyle
habits is easier with strong self-efficacy [22, 74]. Therefore, T2D prevention interven-
tions typically aim to improve self-efficacy to develop and maintain healthier physical
activity and diet behaviors, thus increasing the likelihood of successful weight loss
outcomes [21, 43]. Figure 2 presents an intervention mechanism with self-efficacy as
an example.

It is important to note that self-efficacy is not a single concept. In lifestyle change
interventions, it can be differentiated between action and coping self-efficacy [54].
Action self-efficacy refers to the willingness to initiate new behaviors, while coping
self-efficacy pertains to maintaining new behaviors despite challenges and setbacks
[54, 77]. During the initial stages of lifestyle interventions, action self-efficacy is
more important as it enables individuals to form new behaviors. Conversely, coping
self-efficacy is central to maintaining newly formed behaviors despite challenges such
as work and family commitments [78].

Behaviour change

Behavioural Behaviour

technique S
B

determinant —
'\

e Skills training to «Skills training in Increased
perform performing likelihood of
physical exercises to doing circular
activites e.g. increase self- training despite
light circuit efficacy challenges
training sincreased *Targets weight
« Targets confidence to loss and loss
behavioural perform targeted weight
determinant behaviour/s manintenance
L 4 - & = g

Figure 2.
Overview of an intervention mechanism targeting physical activity behaviors. Adapted from [34, 44].
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Many behavioral interventions in T2D prevention face challenges in retaining
participants [2, 35, 79], especially those with family and work commitments [78, 80].
This often leads to missed opportunities for individuals to receive support in achiev-
ing their intervention goals, such as sustained weight loss [78]. Improving self-effi-
cacy is essential in addressing this issue and ensuring that intervention participants
maintain new behaviors despite challenges and barriers until they become habits [80].
However, influencing behaviors through self-efficacy may be challenging as research
has suggested that for many intervention participants, self-efficacy is already high
initially, leaving limited room for improvement [76, 81].

Moreover, high self-efficacy at the start of an intervention does not necessarily
translate to success in achieving behavioral goals, such as weight loss [47, 76]. Instead,
accessing the support offered by an intervention appears to moderate success in weight
loss and weight loss maintenance. Regular intervention attendance has been linked to
better weight loss outcomes, not necessarily by increasing self-efficacy [78, 82, 83],
but by taking advantage of the support provided by the intervention [76].

5.2 Goal achievement in preventive T2D lifestyle interventions

Personal goals, such as achieving sustained weight loss, can be beneficial in increas-
ing intervention attendance and achieving intervention objectives. Unrealistic goals
can cause psychological distress and hinder progress [71]. Successful participation in
a behavioral T2D prevention intervention that supports weight loss and weight loss
maintenance necessitates accepting these intervention goals [84]. While goal setting
is an effective BCT, unattainable goals can be distressing [44, 71, 85]. The distress
caused by unattainable goals can lead to disengagement from goals, resulting in worse
weight loss outcomes [71]. Engaging and disengaging from goals is called the adaptive
self-regulation of goal adjustment, which enables lessening the impacts of unattainable
goals [86, 87]. In the first phase, individuals disengage from an unattainable goal by
withdrawing their efforts and commitment. In the second phase, individuals re-engage
their efforts toward goal attainment elsewhere, such as in work or family pursuits [86].

Individuals often start a T2D prevention intervention with the personal goal of
achieving weight loss and weight maintenance targets as specified in the interven-
tion. However, failing to achieve these goals is not uncommon [11, 88]. In such
cases, the ability to disengage from unattainable goals is self-protective and lessens
emotional distress [86, 87]. However, this can hinder weight loss and weight mainte-
nance efforts. Primary care professionals delivering the interventions must consider
whether weight loss and weight maintenance goals are realistically achievable for the
individuals. Instead of disengaging, adapting goals may be more beneficial, even if
the magnitude of the goals is lesser than initially aimed.

While the ability for goal adjustment has been associated with improved health
outcomes, ceasing efforts toward a goal without re-engaging with a new goal can lead to
lower mental well-being [71, 87]. This situation can cause unfavorable health conse-
quences [67, 88], whether for individuals’ physical or psychological health. Tendency
to goal adjustment does not appear to be associated with an individual’s sex. However,
those with higher Body Mass Index (BMI) at the start of a T2D prevention intervention,
as well as those from ethnic minority backgrounds, may be at greater risk of disengag-
ing from goals when unsure of their ability to achieve the intervention goals [89].

The examples of self-efficacy [69] and goal adjustment [71] demonstrate the
complex interconnectivity of mechanisms of behavior change in the prevention of
T2D. Therefore, it is essential to carefully consider the target populations, aims, and
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intervention mechanisms when designing and delivering preventive interventions
in primary care to optimize weight loss outcomes [90]. While it may not be practical
to create separate weight loss and maintenance interventions for every individual,
interventions should still be designed to anticipate and respond to the needs of
individuals, particularly those at higher risk of struggling with the demands of the
intervention [91, 92].

5.3 Socioeconomic status and sex in preventive T2D lifestyle interventions

A self-selection bias may influence the decision to participate in a lifestyle-based
T2D prevention intervention. In other words, those with higher self-efficacy regard-
ing the expected lifestyle changes are more likely to enroll. Despite the expected
ability to cope with the intervention challenges, many participants who have decided
to enroll still require support to complete the intervention [54, 93]. Numerous studies
have investigated how factors such as socioeconomic status and participants’ sex
impact decisions to participate in type 2 prevention interventions. For instance,
individuals belonging to an ethnic minority group and those having a lower socio-
economic background are at a higher risk of developing T2D. However, they may
be underrepresented in preventive interventions [5, 35, 94]. Those who are younger
have a lower degree of education, higher BMI, lower self-efficacy, or are unemployed
are likelier to stop attending lifestyle interventions [35, 62, 95, 96]. This suggests
that lifestyle interventions may need to focus on promoting attendance and adher-
ence, particularly for individuals with the characteristics identified above, as part of
diabetes type 2 prevention efforts. It appears important to consider ways to support
participation among at-risk populations, especially those with lower socioeconomic
status, when designing and implementing T2D prevention interventions [97-99].

It is recognized that attributes such as socioeconomic status can be estimated using
different methodologies (e.g., [100]). However, the highest degree attained is often
used to measure an individual’s socioeconomic status [101-103]. Socioeconomic status
is a multidimensional concept encompassing occupation, education, and lifetime
income [103, 104]. Education level is important to social and health inequalities in
T2D prevention [8, 99]. It is essential that individuals from at-risk populations with
lower socioeconomic status can benefit just as much from T2D prevention interven-
tions as those with higher socioeconomic status. However, individuals with lower SES
may face more limited resources that make it challenging to participate in preventive
interventions [99, 103, 104]. Limited resources can include time, money, and health
literacy. Health literacy refers to the knowledge and understanding of the role of
lifestyle changes in the prevention of T2D. Therefore, the design and delivery of
preventive interventions should ensure that individuals with lower socioeconomic
status will not be excluded, potentially increasing their risk of experiencing worse
health outcomes [63, 103, 105].

While women with higher educational attainment, that is, higher socioeconomic
status, tend to be overrepresented in T2D lifestyle interventions, it is important to note
that participant’s sex may not be associated with intervention attrition after a decision to
participate is reached [8, 27]. Being a man with a lower degree of education is considered
arisk factor for less favorable intervention outcomes in T2D prevention [4, 106, 107].
However, studies have also implied that women with a higher degree of education may
also experience less favorable intervention outcomes [47, 78]. Overall, the degree of
education and sex can moderate the relationship between individual participants and
intervention outcomes, but the pathways are complex [4, 63]. Although women with
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higher socioeconomic status may be overrepresented in lifestyle interventions to prevent
T2D, there are indications that higher socioeconomic status may be counterproductive
for women. In particular, women with a university education and family responsibilities
may be at risk for suboptimal intervention outcomes [8, 78]. This is especially true when
women experience insufficient family support for their weight loss efforts [78].

6. Discussion

Preventive interventions have demonstrated potential in improving health outcomes
among individuals with prediabetes or T2D [3]. However, despite the benefits of life-
style changes in T2D prevention, interventions may experience challenges in attracting
and retaining participants [35]. The design and delivery of primary care interven-
tions are often challenging due to difficulties in adapting experimental intervention
designs into primary care practice [57, 58], impacting the intervention’s effectiveness in
everyday practice. The adaptation process can be further hindered by the complexity
of the intervention when there is a lack of clarity on how the intervention causes the
observed outcomes, that is, what the intervention mechanisms are [30, 34]. Without a
well-founded understanding of intervention components and pathways, primary care
providers may encounter difficulties in adapting experimental intervention designs to
local primary care systems. These challenges may arise from interactions with different
intervention components [30]. Different intervention components can, for example,
unexpectedly interact with participants and ultimately affect the outcomes.

Furthermore, clearly formulated intervention mechanisms are needed to lessen
challenges in designing and delivering behavioral interventions. A lack of clearly
formulated intervention mechanisms may lead to uncertainty about how desired
outcomes should be achieved [34, 44]. This also hinders the replication of the inter-
vention into other contexts [34]. Primary care providers may have limited resources
to interpret various intervention mechanisms from research studies. This places the
responsibility on researchers to provide a clear presentation of intervention mecha-
nisms, which is crucial for effectively adapting complex behavioral interventions for
practice [108].

Designing and delivering weight loss interventions for T2D prevention could be
improved by enhancing the multidisciplinary approach and partnerships between
primary healthcare practice and research [109, 110]. Partnerships between primary
care and research institutions may cover research initiatives and research to practice
transfer collaborations [57, 110]. Additionally, as sustained weight loss in T2D preven-
tion can be difficult, participants may benefit from involvement in and access to a
multidisciplinary team of healthcare professionals during intervention delivery.

To ensure that as many as possible may benefit from lifestyle T2D intervention, it
may be necessary to use different approaches to encourage at-risk groups to partici-
pate and encourage continuing participation. Individual attributes like the partici-
pant’s sex and socioeconomic status can affect the success of weight loss and weight
loss maintenance for T2D prevention. However, by considering the mechanisms of
behavior change and intervention and participant characteristics, it is possible to
design interventions that are more likely to attract participation and encourage suc-
cessful outcomes. Decisions to participate result from complex interactions between
intervention components, individuals, and context variables [30, 111]. In other
words, effective intervention design in primary healthcare requires considering which
intervention is appropriate for whom and under what circumstances [112].
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Chapter 10

The Interplay of Sarcopenic
Obesity and Mental Health: A
Complex Relationship

Lin Jia Cheah and Khang Jin Cheah

Abstract

Obesity and mental health issues are two pressing concerns in today’s society.
This chapter delves into the intriguing and multifaceted relationship between these
two seemingly disparate areas of health—sarcopenic obesity and mental well-being.
Sarcopenic obesity, characterised by the simultaneous presence of obesity and muscle
wasting, has garnered increasing attention in recent years. Its implications go beyond
physical health and extend into the realm of mental well-being as the chapter reveals.
The chapter begins by offering an in-depth exploration of sarcopenic obesity, outlin-
ing its definition, prevalence and associated health risks. It explores the physiological
mechanisms underpinning this condition, shedding light on how it affects the body’s
composition and metabolism. Through the latest research findings, the reader gains
an understanding of the intricate interplay between fat mass, muscle mass and the
implications for overall health. The narrative then transitions into the critical compo-
nents of comprehensive treatment and management, encompassing dietetics, medical
intervention and psychological approaches.

Keywords: sarcopenic obesity, mental health, nutrition, psychological, obesity,
older adults

1. Introduction
1.1 Background of sarcopenic obesity and mental disorder

Obesity and mental health issues are two pressing concerns today across the entire
population in this planet. The World Obesity Atlas 2023 estimates that the global
overweight and obesity (BMI > 25 kg/m?”) prevalence will increase from 38% in 2020
to over 50% of the world’s population by 2035 [1]. On the other hand, the prevalence
of obesity alone (BMI >30 kg/m?) is expected to rise from 14-24%, affecting nearly 2
billion individuals, including adults, adolescents and children [1]. A growing number
of high- and middle-income countries are presently facing severe obesity epidemic,
while among low-income countries, steeper increase in the prevalence of obesity is
observed [2]. The high prevalence of obesity will put economic in burden in terms of
healthcare costs, economic productivity, as well as premature retirement or death [1].
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Besides the rise in obesity prevalence, attention should be paid to the global
prevalence of mental illness. A large-scale epidemiology study conducted in 29
nations revealed the risk for any mental illness by age 75 years to be around one in
two people [3] suggesting by age 75 years, approximately half the population can be
expected to develop one or more mental illnesses. This is a concerning issue as the
predicted prevalence was a significant increase from data available from WHO just
a few years back in 2019, whereby, one in every eight people, or 970 million people
around the world were living with a mental illness [4]. Mental illnesses are associated
with poor health outcomes in the affected individuals [5]. Mental illnesses encompass
substantial disruptions in thinking, emotional regulation or behaviour [4], which may
additionally impact individuals experiencing comorbidities such as obesity, including
specific conditions, such as sarcopenic obesity.

Sarcopenic obesity is a condition, whereby there is coexistence of sarcopenia and
obesity and is characterised by decreased muscle mass, strength and performance
along with abnormally excessive fat mass [6]. There have been varying definitions
and criteria for sarcopenic obesity. It is worthy to note that in 2022, a consensus on
definition and diagnostic criteria has been reached jointly by the European Society
for Clinical Nutrition and Metabolism (ESPEN) and the European Association for the
Study of Obesity (EASO), as shown in Figure 1 [6].

Based on the consensus, the evaluation of sarcopenic obesity is divided into two
stages: screening and diagnosis [6]. At the screening stage, patients will be assessed
based on:

a.Body mass index (BMI) or waist circumference using ethnicity-specific cut
points, and;

= High BMI or WC (based on ethnic cut-points)

= Surrogate parameters for sarcopenia [clinical symptoms, clinical suspicion or
SCREENING questionnaires (e.g. SARC-F in older subjects)]
Both conditions must be present to proceed with the diagnostic process.

It will be performed in two steps:

1. ALTERED SKELETAL MUSCLE FUNCTIONAL PARAMETERS considering strength
(HGS, chair stand test)

If muscle functional parameters suggest the presence of SO, the diagnostic
DIAGNOSIS process will continue considering body composition.

2. ALTERED BODY COMPOSITION: increased FM (FM%) and reduced muscle mass
assessed as ALM/W by DXA or as SMM/W by BIA

Bath altered body composition and altered skeletal le functional
parameters should be present to assess the presence of 50.

A two-level STAGING should be performed, based on the presence of
complications resulting from high FM and low ASMM, to better mirror the
W progression/severity of SO:

*STAGE I: NO complications
*STAGE II: presence of at least one complication attributable to SO (e.g.

metabolic diseases, functional disabilities, cardiovascular and respiratory
diseases).

Figure 1.

Diagnostic procedure for sarcopenic obesity. ALM/W, appendicular lean mass adjusted to body weight; ASMM,
absolute skeletal muscle mass; BIA, bioelectrical impedance analysis; BMI, body mass index; DXA, dual X-ray
absorptiometry; FM, fat mass; HGS, hand-grip strength; SMM/W, total skeletal muscle mass adjusted by weight;
SO, sarcopenic obesity; WC, waist civcumference; SARC-F, strength, assistance with walking, rising from a

chair, climbing stairs and falls. Note. This figure was produced by previous article. From Ref. [6]. Reprint with
permission from Elsevier.
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b.Indicators for sarcopenia, which can include clinical evaluation or validated
questionnaires.

If the patient has positive screening of both the condition of obesity and sarcope-
nia, the evaluation will move on to the diagnosis phase, which will be performed in
the order of two steps:

a. Assess for altered skeletal muscle functional parameters, for example, hand-grip
strength and chair stand test, if the finding is positive, proceed to the following step.

b. Assess for altered body composition, aiming to look for increased fat mass and
reduced muscle mass. Assessment techniques can be dual-energy X-ray absorpti-
ometry (DXA) or bioelectrical impedance analysis (BIA).

Computerised tomography (CT) imaging is not usually needed unless clinically
indicated for additional diagnostic reasons in specific cases.

This approach demonstrates a comprehensive evaluation combining both func-
tional and compositional aspects for an accurate diagnosis of sarcopenic obesity.

As for mental illness, the diagnosis is usually made based on the below three
available diagnostic manuals, namely the eleventh revision of the International
Classification of Diseases (ICD) by WHO in 2018 [7], the fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM), published by the
American Psychiatric Association (APA) in 2013 [8] and the Research Domain
Criteria (RDoC) project initiated by the U.S. National Institute of Mental Health
(NIMH) in 2009 [9]. The DSM-5 and the ICD Classification of Mental and
Behavioural Disorders are the most widely recognised frameworks for both classify-
ing and making psychiatric diagnoses. With a standardised framework and set of
criteria that the clinicians can follow, they promote uniformity and accuracy in the
identification and classification of mental health conditions.

Evidence shows that sarcopenic obesity in adults is associated with adverse mental
health and a lower quality of life compared to body mass index-based general obesity
[10]. Among all the mental illnesses, depressive symptoms are the most commonly
studied conditions within the sarcopenic obesity population, particularly among
older adults [11, 12]. The evidence indicates that sarcopenia and obesity appear to
exert a synergistic impact on the risk of mental health compared to obesity alone.
However, it is acknowledged that younger populations are also susceptible to develop-
ing sarcopenic obesity [13], as well as experiencing mental illness [14].

Therefore, we should raise awareness of the potential development of both mental
health conditions and sarcopenic obesity as they can manifest in individuals of any
age. The interrelated relationship between sarcopenic obesity and mental health
highlights the importance of recognising and addressing these conditions compre-
hensively. By promoting awareness and understanding of the potential coexistence of
mental health challenges and sarcopenic obesity across all age groups, we can foster
early detection, intervention and holistic care strategies for individuals facing these
interconnected health concerns.

1.2 Pathogenesis of sarcopenic obesity

As sarcopenic obesity is a syndrome consisting of two multifactorial and
overlapping mechanisms of clinical condition (i.e., sarcopenia and obesity), it is
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difficult to pinpoint one clear disease mechanism [15]. However, there are a few
proposed theories to explain the pathogenesis of sarcopenic obesity.

1.2.1 Inflammation of adipose tissue

In obesity, adipocytes in the adipose tissue undergo the abnormal cellular process
of hypertrophy, hyperplasia and activation. The adipocytes, together with the macro-
phages infiltrated within the adipose tissue, induce the production of a range of pro-
inflammatory cytokines, such as interleukin-6 (IL-6), tumour necrosis and factor-alpha
(TNF-a). It leads to chronic systemic low-grade inflammatory response, which will then
inhibit protein synthesis and contribute to muscle catabolism and sarcopenia [16-18]. It
is worth noting that IL-6 and TNF-a are known to be associated with declining muscle
mass and strengths in sarcopenic obesity [16]. The whole inflammatory process will also
result in insulin resistance [19]. The relevant effect will be further discussed below.

1.2.2 Lipotoxicity

When the level of fatty acids becomes excessively high, they are distributed to
skeletal muscle as intermuscular adipose tissue (IMAT), intramuscular adipose tissue
and intramyocellular lipids (IMCLs) [15]. IMCLs impair muscle fibre contractil-
ity and lower muscle strength [17]. IMCLs found at the mitochondria level impair
p-oxidation of fatty acids, raising reactive oxygen species and causing destruction of
muscle cells [15, 20]. The process also results in insulin resistance, which is associated
with muscle anabolic resistance [15, 16]. Anabolic resistance indicates lower rates of
muscle protein synthesis, higher rate of muscle protein degradation [19] and subse-
quent reduced muscle mass and muscle atrophy [16].

1.2.3 Resistance to leptin

Leptin is a peptide hormone released by adipose tissue. Leptin is responsible
for energy homeostasis by regulating appetite [21], as well as acting as a drive for
myoblast proliferation [16]. The higher level of leptin in patients with sarcopenic
obesity is believed to be an upregulation, resulting from leptin resistance [16]. Leptin
resistance not only blunt the positive effect of leptin has on muscles but also causes
increased uptake and accumulation of lipids, and subsequent insulin resistance [22].

1.2.4 Other hormonal changes

Obesity is associated with decreased testosterone level. Lower testosterone level
alters metabolism of muscle and mitochondrial function, reducing muscle mass
[23]. For women, the decline in oestrogen level is the contributing factor [12]. Other
hormonal changes related to ageing itself that could contribute to sarcopenic obesity
are insulin resistance, lower thyroid hormone level and higher cortisol level [19].

1.2.5 Ageing and lifestyle factors

With ageing, it is common to observe reduced physical activities and inadequate
dietary intake of protein, which could cause sarcopenic obesity [19]. Not to mention
ageing itself is associated with reduced resting metabolic rate, reduced muscle mass,
increased visceral fat and ectopic fat accumulation [12].
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contribute to
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Figure 2.
Pathogenesis of sarcopenic obesity.

The pathogenesis of sarcopenic obesity is summarised in Figure 2. Collectively,
the typical physiological changes associated with ageing, coupled with environmental
factors, such as sedentary lifestyle and an unhealthy diet, create a foundation for
the development of sarcopenic obesity. The intricate interplay of these elements
sets the stage for interacting and overlapping mechanisms, including inflammation,
oxidative stress and insulin resistance. Increased awareness of these interconnected
mechanisms is essential for developing targeted interventions that address both the
physiological aspects of ageing and the lifestyle factors that contribute to the complex
landscape of sarcopenic obesity.

2. Physical health impacts of sarcopenic obesity (SO)
2.1 Sarcopenic obesity and its impact to physical health

Sarcopenic obesity is related to several physical health consequences:

a.Increased ADL disability, increased frailty, increased fall risk, reduced grip
strength and poor functional outcomes [12, 24, 25].
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b.Higher risk of cardiovascular disease (CVD) and mortality [18]. Pro-
inflammatory state in sarcopenic obesity as depicted under pathogenesis induces
vascular endothelium damage and leads to atherosclerosis—a common patho-
logical culprit for many cardiovascular diseases. It also exacerbates insulin resist-
ance, which also triggers endothelial dysfunction [18], forming a vicious cycle,
which is a phenomenon commonly observed in the complex disease mechanism
of sarcopenic obesity.

c. Positive correlation to diabetes, hypertension, dyslipidaemia and non-alcoholic
fatty liver disease [12, 26, 27].

d.Higher risk of knee osteoarthritis and osteoporosis [12], and poorer therapeutic
outcomes for osteoarthritis with increased surgical risk post-joint arthroplasty
[28]. Therapeutic outcomes for osteoarthritis and surgical risk and recovery after
joint arthroplasty.

e. Higher CVD-related and all-cause mortality [12, 29].

In a broader context, the complex clinical syndrome of sarcopenic obesity dem-
onstrates more pronounced adverse effects on physical health when compared to
obesity alone [30]. Overall, sarcopenic obesity is associated with various adverse
physical health outcomes, including increased disability in activities of daily living,
heightened frailty, elevated fall risk, diminished grip strength and poorer functional
outcomes. It also contributes greater effect on metabolic disorders driven by a pro-
inflammatory state, inducing vascular damage and atherosclerosis.

2.2 Sarcopenic obesity (SO) and its relationship to mental health

From the previous epidemiological, cross-sectional and longitudinal studies, there is
an established association between obesity and mental health disorders, most commonly
mood disorders [10]. Several studies have also shown relation between sarcopenia and
depression [31-33]. But when the focus is zoomed into the specific clinical syndrome of
sarcopenic obesity, there are less studies available. Furthermore, mixed findings have
been reported with some studies found no signification correlation between the complex
clinical syndrome and mental health impact. One example is a cross-sectional study,
involving over 7000 patients conducted in Korea from 2010 to 2011 [34].

The unclear relation warranting more reliable studies with larger sample size and
consistent criteria to be done is supported by a systemic review by Pilati et al. published
in 2021, with conflicting results among a few of the cross-sectional studies included
[35, 36]. Nonetheless, the heterogenous results are not surprising given the inconsistent
definition and measurement criteria of sarcopenic obesity [37]. When the measure-
ment is based on muscle strength, there is a great association with depressive symptoms
[34, 35]. Having said that, and with the challenge of sarcopenic obesity being a relatively
newly recognised clinical syndrome, we managed to collate some evidence that exhibits
positive correlation between sarcopenic obesity and negative mental health impacts:

2.2.1 Higher stress level and depressive symptoms

* A cross-sectional study involving over 10,000 patients conducted in Korea
investigated the correlation between sarcopenic obesity and negative mental
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health impact by using self-reporting questionnaire. It found that sarcopenic
obesity is associated with higher perceived stress and suicidal ideations, as
compared to both general population and population with general obesity [10].

* This finding is supported by a recent study conducted among elderly Japanese
females, where sarcopenic obesity combined with lower physical function
was found to worsen depressive symptoms [38]. Similar result was demon-
strated even among functionally independent Japanese women at similar age
group [11].

* Inalongitudinal 16-year period study involving over 1000 female patients
in Australia, with the assessment based on DSM-IV-TR, higher rates of major
depressive disorders were reported in patients with sarcopenic obesity, especially
when it is metabolically unhealthy with high inflammatory markers [36].

* Inasystemic review conducted up to year 2019 supported that sarcopenic
obesity is a predictor of depressive symptoms [35]. Among patients with known
depression, sarcopenic obesity is a predictor of non-remission of depression.
This finding is supported by a 2-year cohort study conducted in the Netherland
with the involvement of 378 elderly patients [39].

There are several theories explaining the association between sarcopenic obesity
and mental health. One theory focuses on metabolic disturbances, such as leptin
resistance and chronic inflammation, which can negatively impact mental well-being
[11, 30, 36]. Another theory suggests that the chronic inflammatory state associated
with sarcopenic obesity can dysregulate the hypothalamic-pituitary-adrenal (HPA)
axis, and HPA overactivity is known to be linked with depressed mood and cognitive
dysfunction [30, 36, 40]. Additionally, insulin resistance and dyslipidemia observed
in sarcopenic obesity show a positive association with the severity and chronicity of
major depressive disorder [41].

The latest research proposes that DNA methylation serves as the epigenetic
mechanism, underlying the development of obesity and other metabolic disorders
[42, 43]. Concurrently, DNA methylation exhibits a significant association with
an increased risk of depression [44]. This suggests a complex interplay between
epigenetic modifications and the risk of both metabolic and mental health disorders.
Moreover, the relationship between sarcopenic obesity and depressive disorders
may be bidirectional. It is postulated that individuals with depression may experi-
ence reduced physical activity, leading to a subsequent decline in muscle mass and
strength, ultimately resulting in sarcopenia [45, 46].

2.2.2 Cognitive impairment

* A cross-sectional study done in 2012 with over 1000 elderly patients suggested
both sarcopenia and sarcopenic obesity are linked to cognitive impairment [47].

* The finding is supported by another cross-sectional study of 353 elderly female
white patients with the evaluation based on clinic visits and Montreal Cognitive
Assessment (MoCA) [48]. The effect of cognitive impairment is found to be
more profound on orientation and executive function and the association is
greater in patients with lower muscle mass [48].
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* Using Moca and Mini-mental State Examination (MMSE) as assessment
tool, another study conducted in Japan in 2022 portrayed independent
association between sarcopenic obesity and mild cognitive impairment and
dementia [49].

* The association could be explained by the shared pathophysiology of chronic
inflammation in sarcopenic obesity and dementia and brain atrophy associated
with high body mass index [49].

In summary, the existing body of research on sarcopenic obesity and its impact on
mental health reveals a complex and multifaceted relationship. While some studies
present conflicting findings, there is accumulating evidence supporting a posi-
tive correlation between sarcopenic obesity and negative mental health outcomes,
particularly in terms of higher stress levels, depressive symptoms and cognitive
impairment. The association is, further, nuanced by factors such as metabolic distur-
bances, chronic inflammation and dysregulation of key physiological pathways. The
bidirectional perspective suggests that not only does sarcopenic obesity contribute to
mental health disorders but individuals with depression may also experience physical
decline, reinforcing the intricate nature of this relationship. Recognising the interplay
between genetic, epigenetic and lifestyle factors is crucial for developing comprehen-
sive interventions tailored to address the intricate connections between sarcopenic
obesity and depressive disorders. This understanding lays the foundation for targeted
strategies aimed at mitigating the risk and managing the complexities associated with
these interconnected health conditions.

3. Relationship between eating disorders and sarcopenic obesity

This section is dedicated to exploring the link between eating disorders and
sarcopenic obesity. The most common eating disorders associated with obesity
itself include bulimia nervosa, binge-eating disorder and night-eating syn-
drome [50, 51].

For an overview, the following key definitions for the above-mentioned eat-
ing disorders are taken from DSM-5, not including the respective full diagnostic
criteria [8]:

3.1 Bulimia nervosa

Recurrent episodes of binge eating in a discrete period of time, involving a large
amount of food and a sense of lack of control, with inappropriate compensatory
behaviours, which have occurred for at least once weekly for 3 months.

3.2 Binge-eating disorder

Recurrent episodes of binge eating as described above, with the features of eating
more quickly than usual, eating until feeling uncomfortably full, eating large amount
of food despite not feeling hungry, eating alone because of embarrassment, feeling of
guilt and disgust and depression after the episodes, which have occurred for at least
once weekly for 3 months.
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3.3 Night-eating syndrome (listed under “other unspecified eating disorders” in
DSM-5)

Recurrent episodes of night eating, usually characterised by eating after waking
up from sleep, or by excessive food intake after evening meal, which causes marked
distress or functional impairment.

The prevalence of binge-eating disorder, night-eating disorder, and bulimia
nervosa increases with increasing BMI [50, 51]. For example, individuals with
binge-eating disorders are at three to six times risks suffering from obesity than
general population, apart from having higher prevalence of obesity-associated
physical comorbidities [50]. Data from a study conducted in the United States
involving over a thousand of patients showed that among patients with binge-
eating disorder and bulimia nervosa, 87 and 33% of the respective group also
experienced obesity [52].

The bidirectional relationship between eating disorders and obesity has been
well-studied. The factors contributing to that include genetic predisposition and
personality risk factors, whereby mood dysregulation and negative evaluation of
self and body image contribute to the vicious cycle of binge eating and poor weight
control, dysregulated hypothalamic-pituitary-adrenal axis, which is associated with
both obesity and eating disorders, disrupted gut microbiota, which has recently raised
academic interest in regards to its association with metabolic disorders and the link
between gut microbiota and eating disorder has been demonstrated to affecting up to
10% of the population [53].

Focusing specifically on sarcopenic obesity, to date, there is no established evi-
dence of its correlation with eating disorders in general. Eating disorders are preva-
lent among adolescents and young adults, particularly among females. A large sample
study conducted in Austria showed that as high as 31% of females aged 10-18 years
old are at risk of developing eating disorder [54], and that is associated with risk
factors of vulnerable self-image and body image dissatisfaction as supported by a
systemic review in 2015 and a Swedish study [55, 56]. In contrast, sarcopenia is an
age-related clinical condition and is more commonly found among elderly patients
with multiple comorbidities [57].

Having said that, eating disorders do occur among elderly age group. Such evi-
dence has been available from a systemic review conducted 10 years ago, looking
into reported cases of eating disorders among those who are over the age of 50 [58].
The reported age of onset ranged from 50 to 94 years old, with 88% of them being
females. While more than half of the reported cases were anorexia nervosa, 10%
of the cases were bulimia nervosa [58]. An epidemiological study focusing on 342
females with age of 65-94 years in Portugal demonstrated binge-eating episodes
among around 6% of the females, and 18.9% prevalence of picking/nibbling, which is
associated with increased BMI [59].

Although eating disorder is rarely considered among elderly patients in day-to-day
clinical practice, the above information is valuable to remind us not to overlook the
possibility of eating disorder in older age groups. In these cases, especially among
patients with comorbid mental health conditions, such as depressive disorders, sarco-
penia can become another possible comorbid clinical condition. The mechanisms are
as discussed in previous section. With that predisposition, elderly patients, particu-
larly those with eating disorders, can be at risk of developing sarcopenic obesity.
However, in a practical clinical setting, it can be challenging to pinpoint this specific
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condition as elderly patients with complex medical conditions often do not present
with only one specific issue. There might be other more pressing medical issues that
need prioritisation compared to sarcopenic obesity itself. In an ideal circumstance
where there is a realistic capacity to deal with a patient holistically, managing both the
eating disorder and sarcopenic obesity can evidently improve the quality of life of the
patient.

4. Multidisciplinary management of sarcopenic obesity: medical, dietetics
and psychological approach

There is no definitive treatment for sarcopenic obesity. The mainstay of
management is lifestyle intervention with the aim to improve quality of life [16]. In
the first line of management for sarcopenic obesity, an exercise programme serves as a
foundational approach. As a second-line strategy, interventions include micronutrient
supplementation, weight management through dietary, medical or surgical means,
and hormonal replacement if deemed necessary. In severe cases of sarcopenic obesity,
where patients experience immobilisation, palliative care becomes a viable option [16].

4.1 First-line management: exercise programme

Resistance exercise is presently recognised as the most effective exercise
programme for sarcopenic obesity, having demonstrated its ability to enhance and
preserve muscle mass, improve muscle function [60], and increase both muscle
strength and overall physical performance [61]. Additionally, resistance exercises
play a crucial role in mitigating the pathological progression of sarcopenic obesity by
downregulating inflammatory cytokines, reducing oxidative stress and enhancing
mitochondrial function [62].

Aerobic exercise is recommended as a strategy to address sarcopenic obesity
given its known benefits of enhancing insulin sensitivity [63] and reducing oxidative
stress [64]. Although there is limited evidence available regarding the specific effects
of aerobic exercise on sarcopenic obesity, it appears to be an effective approach for
reducing excess fat mass and enhancing muscle performance in this population [65].
Despite the limited evidence, aerobic exercise is recognised as a valuable therapeutic
intervention for weight control management.

Recent meta-analysis evidence indicates that BMI decreases only in the group
that undergoes combined resistance and aerobic training. While per cent body fat
decreases with both resistance and aerobic training, the most significant reduction
occurs in the group that engaged in both exercise types. Notably, muscle strength
shows substantial improvement with resistance exercise [66]. Implementing an
exercise programme that combines both resistance and aerobic exercises appears to
offer additional benefits to individuals with sarcopenic obesity. However, it is crucial
to acknowledge that there is no one-size-fits-all approach, the key lies in determining
the specific needs of each individual with sarcopenic obesity to tailor a beneficial
exercise regime [67].

4.2 Weight management: dietary therapy

Hypocaloric diet with the restriction of energy intake has been proposed as
a weight loss strategy for sarcopenic obesity. The optimal and safe range of energy
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restriction is an energy deficit of about 200-700 kcal per day [68] or prescription

of 1200-1800 kcal/day calorie-restricted diet for sarcopenic obese older adults [69].
However, in obese older adults, an energy-restricted diet designed for weight loss
often results in the simultaneous loss of both fat mass and skeletal muscle mass. This
is particularly concerning for sarcopenic obese older adults as the loss of skeletal
muscle mass significantly impacts their ability to walk or climb stairs, highlighting
the potential negative consequences of calories restriction weight loss interventions in
this population [65].

Studies suggest that a high protein intake may enhance muscle mass and strength
during calorie restriction for sarcopenic obesity [70]. Therefore, a weight loss diet
in this population should prioritise the preservation of muscle mass and could
benefit from incorporating a high protein diet and/or protein supplementation [71].
Generally, the recommended protein intake for sarcopenic obesity individuals falls
within the range of 1.0 to 1.8 g/kg BW/day [71]. Some literature suggests a more
conservative protein intake recommendation, ranging from 1.0 to 1.2 g/kg BW, with
an even higher intake (1.2-1.5 g/kg BW), especially for individuals dealing with
chronic diseases [65]. However, caution is advised for a protein intake of 1.4 g/kg BW
in individuals with kidney disease [71].

According to the latest evidence, the most promising approach to sarcopenic
obesity involves a combination of exercise training, especially resistance training, and
an increased protein intake using protein supplements [71]. Regarding sarcopenia,
protein supplementation, with or without exercise, has been shown to positively
improve muscle mass, strength and physical function in older adults with sarcopenia
[72]. A recent systematic review identifies whey protein supplementation as effective
for individuals in the sarcopenic obesity population [60, 71]. Simultaneously, it is also
acknowledged that a proper diet and exercise are crucial components in the preven-
tion of sarcopenic obesity [60]. Recognising the varied presentations of sarcopenic
obesity, such as constraints in performing resistance exercises for certain patients,

a patient-centred approach tailored to the individual’s lifestyle is essential in the
treatment of both sarcopenic obesity and mental health. Additionally, micronutrient
supplementation should be considered in the event of deficiencies occurring during
the weight loss intervention period.

4.3 Weight management: medical/surgical

Medication option for weight loss in sarcopenic obesity could be glucagon-like
peptide-1 receptor agonist (GLP-1RA) [18]. GLP-1 agonist is a drug commonly used
in obesity and diabetes mellitus with reasonable safety profile [73]. Apart from anti-
diabetic function, GLP-1 analogues or agonists result in weight loss by decreasing
appetite and delaying gastric emptying. Most critically, it reduces fat mass as opposed
to lean muscle mass [74].

Semaglutide is a GLP-1 agonist known for its substantial impact on weight loss and
is among the FDA-approved drugs for treating obesity, along with liraglutide [75].
However, its potential influence on muscle improvement is a relatively recent con-
sideration. In a recent animal study, semaglutide and liraglutide are shown to be able
to decrease excessive lipid deposition and improve obesity-induced muscle atrophy
at the same time [76]. The findings support a previous animal study in 2022, which
reported the effect of muscle protein synthesis in obesity from semgalutide [75].

Bariatric surgery is an effective surgical procedure to help with weight loss in
sarcopenic patients, but the outcome in improvement of daily living activities is
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elusive [77]. A 2-year follow-up study in 2021 observed early loss of fat-free mass in
patients with sarcopenic obesity post-bariatric surgery [78]. However, it is essential
to highlight that the study lacks a control group for comparison. Further, research is
warranted to thoroughly investigate the suitability of bariatric surgery for individuals
with sarcopenic obesity. On a positive note, there is a potential solution to address

or prevent sarcopenia postoperatively implementing an exercise intervention pro-
gramme to counteract muscle mass loss following bariatric surgery [79].

4.4 Hormonal replacement

While testosterone replacement may appear to be a plausible treatment from a
physiological perspective, it is currently not recommended for addressing obesity or
sarcopenia [18]. Looking ahead, selective androgen receptor modulators (SARMs)
emerge as a potential future hormonal treatment given their selective binding to
androgen receptors in muscles and bones, promoting anabolic processes without
exerting systemic effects [18, 80]. However, due to potential side effects, further clini-
cal studies are necessary before their clinical use can be approved [80].

4.5 Management of comorbid mental illness

The connection between sarcopenic obesity and mental illness remains unclear,
with evidence suggesting a potential link between sarcopenic obesity and depressive
disorders [12]. However, a systematic review has indicated that the results are het-
erogeneous due to significant variability in assessment methods and outcome mea-
surements for sarcopenic obesity and depressive disorders [81]. Notably, patterns of
comorbidity between sarcopenic obesity and the prevalence of depression have been
observed, as highlighted in a recent systematic review and meta-analysis reporting
a high prevalence of depression in patients with sarcopenia across nineteen included
articles [82]. Research focusing on other mental health conditions is relatively scarce.

Selective serotonin reuptake inhibitors (SSRIs), namely escitalopram, sertraline,
paroxetine, fluvoxamine, vortioxetine and fluoxetine, are widely prescribed asa
first-choice treatment for various mental health conditions [83]. While SSRIs are
popular, it is important to note their contraindication with concurrent use of MAOIs
(e.g., linezolid), which can elevate serotonin levels and pose a risk of life-threatening
serotonin syndrome [84]. Clinical responses to SSRIs may take several weeks (e.g.,

6 weeks) as adaptive processes require time to take effect [85]. During the treatment
process, it is imperative to closely monitor any adverse metabolic changes and vital
signs, especially considering that sarcopenic obesity is associated with several clinical
complications.

The treatment model combining a selective serotonin reuptake inhibitor (SSRI)
with psychotherapy, such as cognitive behavioural therapy (CBT), has proven to be
more effective. A meta-analysis of randomised trials utilising regression analyses
to test the relationship between continuous variables and effect size concluded
that monotherapy with medication may not be optimal for common mental illness.
The combined treatment approach was found to be more effective than medication
alone, particularly for mental illness, such as depression [86]. These findings are,
further, supported by recent meta-analysis review papers, focusing on adults with
depression [86].

Another treatment model, known as the sequential model treatment, involves
the sequential combination of pharmacotherapy and psychotherapy and has been
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investigated in patients with major depressive disorder (MDD). The findings from this
comprehensive examination and meta-analysis suggest that the sequential incorpora-
tion of psychotherapeutic treatment following a positive response to acute-phase drug
therapy, either independently or in conjunction with antidepressant medication, is
correlated with a reduced likelihood of relapse and recurrence in MDD patients [87].

In the case of eating disorders, multidisciplinary approach is essential to ensure
input from medical, mental health and dietetics team. The framework of manage-
ment will only be discussed briefly here for an overview understanding as eating
disorder is a broad topic with different management plan depending on the specific
type of diagnosis. According to Clinical Practice Guidelines in Australia, the first-line
treatment for bulimia nervosa and binge-eating disorders is psychological therapy,
that is, CBT. Behavioural weight loss can be initiated for weight management.
Tricyclic antidepressants have shown to be of use to patients with bulimia nervosa,
but this class of medication is notorious for their wide range of side effects. High-
dose fluoxetine up to 60 mg per day can be effective in controlling bulimia nervosa.
Other SSRIs can be considered for both bulimia nervosa and binge-eating disorder.
Topiramate, an antiepileptic medication, is useful for both the conditions as well and
is associated with weight loss, but there are side effects of taste changes and paraes-
thesia [88]. It is important to keep in mind the criteria for medical admission if there
is significant physical deterioration from eating disorders; otherwise, the manage-
ment is generally outpatient-based [88].

In summary, a multidisciplinary management approach tailored to each patient
should be adopted for sarcopenic obesity with mental disorders. Figure 3 above
summarises the multidisciplinary management for sarcopenic obesity with mental
disorders discussed earlier. First-line management includes foundational exercise
programmes, while second-line strategies encompass high protein intake or micronu-
trient supplementation. We do not recommend weight loss diets for this population.

/ Mental disorder treatment:
4 1) SSRIs
/ 2) Psychotherapy
{ 3) Combi\nation of SSRIs & psychotherapy

/ Medical treatement (SO):
/ 1) Weight loss medication
/ 2) Weight loss surgery
Y/ 3) Hormonal therapy

/ Diet Therapy (SO):
y 1) High protein diet
y. 2) Micronutrient/protein supplementation

A
/ Exercise program (SO):
1) Resistance exercise
2) Aerobic exercise
3) Combination of resistance & aerobic
A\

*S0: Sarcopenic obesity; SSRI: Selective serotonin reuptake inhibitors

Figure 3.
Multidisciplinary management for sarcopenic obesity with mental disorder. *SO: Sarcopenic obesity; SSRI:
Selective sevotonin reuptake inhibitors.
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If necessary, hormonal replacement therapy may be considered. In cases of sarcopenic
obesity with mental illnesses, the patients should be referred to the psychiatric or
mental health team as appropriate for further evaluation and consideration of the
adoption of SSRIs and psychotherapy.

4.6 Multidisciplinary management: final consideration/challenges

Sarcopenic obesity treatment is a comprehensive undertaking that involves a com-
bination of muscle training exercises and dietary therapy. However, if mental illness
coexists with sarcopenic obesity, the treatment process becomes even more complex.
An essential aspect of the treatment approach is to assess the patient’s readiness to
accept the proposed treatment plan. On the other hand, the socio-economic status of
the individual can influence access to resources, affordability of specialised treat-
ments and overall healthcare engagement. Additionally, understanding the patient’s
eating behaviours, nutritional preferences and lifestyle choices becomes crucial in
tailoring an effective and sustainable treatment regimen.

Depending on the priority and severity of each condition, whether to focus on
addressing the mental disorder first, sarcopenic obesity or both concurrently, requires
careful planning. Given the lack of specific evidence guiding this specific decision
making process, clinical judgement plays a significant role in guiding the direction
of management. Early referral and involvement of multidisciplinary and interde-
partmental team would evidently be beneficial in dealing with the complex clinical
syndrome. For example, in patients with co-existing sarcopenic obesity and depres-
sive disorders, involvement of medical team for physical assessment and addressing
further underlying medical issues would be essential. Involvement of dietetics and
physiotherapy team is valuable to offer input on dietary or nutritional advice and
appropriate exercise programme to address the sarcopenic obesity. If the disordered
mood is suspected, mental health team should be referred for further assessment and
specialised management. This is a significant step as depressive mood can cause lack
of motivation for patients to take part in a comprehensive plan in managing this com-
plex clinical syndrome and cause further deterioration in physical health, contribut-
ing to the vicious cycle of the bidirectional relationship between sarcopenic obesity
and depressive disorders. Eating disorders are rarely directly related to sarcopenic
obesity, but if found to be the case, should be dealt with as well. But as discussed
prior, the management would depend on the clinical priority and multidisciplinary
team discussion as those patients often have complex chronic medical conditions.

Additionally, considerations of the cost of treatment and the potential economic
burden on the country should not be overlooked, adding another layer of complexity
to the overall treatment strategy. Balancing these various factors is crucial for devel-
oping a tailored and effective treatment plan for individuals dealing with both mental
disorders and sarcopenic obesity. This broader perspective ensures a more nuanced
and personalised treatment strategy that addresses the complex interplay between
mental health, sarcopenic obesity and the broader contextual factors influencing the
patient’s well-being.

5. Summary

This chapter contributes insights on understanding between sarcopenic obesity
and mental health. Both sarcopenia condition and obesity not only will provide
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synergy effect on metabolic disorders but also mental health conditions. This chapter
brings together several existing interventions for such conditions, including dietary
management, medical treatment, as well as mental health treatment. While the
evidence on lifestyle management approach, which is combination of exercise and
nutrition seems promising, there is still no concrete evidence to guide medical treat-
ment specific for sarcopenia obesity. This could also indicates that lifestyle manage-
ment is the most important aspect in managing sarcopenic obesity, while medications
could be used as an adjuvant treatment if clinically indicated. Sarcopenic obesity can
evidently become more complicated if affected individual have comorbid mental
illness, therefore individualised approach and involvement of multidisciplinary and
interdepartmental team is mandatory for this population.
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Abstract

Diagnostic criteria for anorexia nervosa (AN) include significantly low body
weight, fear of weight gain, and body image disturbance. Being severely underweight
is associated with physical health risks, for example, electrolyte disturbances, epilep-
tic seizures, cardiac arrhythmias, organ failure, and sudden death. It is also a perpetu-
ating factor of AN. Therefore, the correct measurement of body weight is necessary
for safe clinical management of AN. In clinical practice, there may be a requirement
to attain a certain target weight before discharge from inpatient treatment or to
prevent hospital admission. Schools, universities, and employers sometimes require
a minimum body weight depending on the physical demands of the tasks at hand.
Understandably, people with AN are therefore tempted to falsify their weight, for
example, by water loading or using weights, to circumvent these restrictions and
avoid disadvantages resulting from their mental health condition. In this chapter, we
consider how to obtain an accurate assessment of body weight in the best possible
collaborative, therapeutic, and motivating way.

Keywords: anorexia nervosa, body weight, weight falsification, therapeutic
relationship, risk management

1. Introduction

According to the 5th edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), anorexia nervosa (AN) is an eating disorder characterized by
arestricted energy intake and a significantly low body weight, an intense fear of
gaining weight, and a disturbed body image. DSM-5 distinguishes two subtypes,
the restrictive and the binge-purge type. The restrictive type is defined by excessive
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dieting and physical exercise, whereas the binge-purge type describes periods of
binge eating followed by self-induced vomiting or the use of laxatives [1].

The 11th edition of the International Classifications of Diseases (ICD-11) specifies
the criteria of significantly low body weight as a body mass index (BMI) <18.5 kg/m” [2].

DSM-5 and ICD-11 use the BMI to rate the severity of AN. According to DSM-5, a
BMI below 15 kg/m” indicates extreme, a BMI between 15 and 15.99 kg/m” severe, a
BMI between 16 and 16.99 kg/m” moderate, and a BMI above 17 kg/m* mild AN.

In ICD-11, a BMI below 14 kg/m” indicates dangerously low body weight and a
BMI between 14 and 18 kg/m” indicates a significantly low body weight. A BMI higher
than 18.5 kg/m” is normal. In children, a BMI under the fifth percentile indicates AN
according to ICD-11.

Being seriously underweight can have various harmful effects on the body, for
example, electrolyte disturbances, osteoporosis, bone fractures, hypothermia, epi-
leptic seizures, weak immunity, or even cardiac arrest and sudden death. In addition,
starvation due to AN can lead to psychiatric symptoms such as memory problems,
decreased cognitive flexibility, depression, and anxiety [3, 4].

Treatment of AN involves weight gain to manage the health risks that are linked to
starvation. Weight gain is key in supporting other psychological, physical, and quality
of life changes that are needed for improvement or recovery [5].

Therefore, treatment includes regular weighing (usually weekly for outpatients and
twice weekly for inpatients) to document the therapeutic process and risk management.
Exposure to weight gain needs to be carefully managed as it is associated with high levels
of anxiety. In individual cases, where weighing is unbearable for a patient because of an
overvaluation of the number on the scale, a collaborative decision to weigh the patient
without sharing the body weight with them might be considered.

For the transition from inpatient treatment to outpatient treatment, there are
often weight requirements alongside therapeutic milestones that are desirable for such
a transition, for example, a regular eating pattern and the ability to attend psycho-
therapeutic groups and individual therapy and maintaining or increasing weight
while on leave from inpatients.

For this chapter, we reviewed the literature on weight falsification in AN and per-
formed internet searches. However, as there is little evidence published about weight
falsification in AN, we have formed a team of authors that consists of professional
peer support workers with lived experience of AN and clinicians with experience in
the treatment of AN to fill the gaps in the literature with personal experience. We
have tried to make suggestions on how the measurement of weight can be performed
correctly but at the same time in a collaborative and therapeutically meaningful way.

2. Challenges of measuring the correct body weight

As fear of weight gain is a core diagnostic criterium of AN [1, 2], the falsification
of weight is a frequently associated problem. In total, 30-50% of people with AN
reported weight falsification during therapeutic weigh-ins in a web-based survey [6].
However, the underlying motivation may vary.

2.1 The potentially undesirable consequences of the correct body weight

Depending on the treatment setting, the correct body weight might have nega-
tive consequences for people with AN. A significantly low body weight might lead
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to the clinical recommendation of inpatient admission. For the person with AN,
this means restricted freedom and an inflexible therapy and activity schedule on
an inpatient ward. Therefore, patients with AN who anticipate such a recommen-
dation might try to change the displayed weight on the scale without real weight
gain [7].

For inpatients, a reason to manipulate weight could be the desire to be discharged
to gain more independence, to be reunited with their family, and to meet friends
which might all not be possible during inpatient treatment.

The daily routine and the food intake are often very controlled for inpatients in
an eating disorders ward. However, progress in therapy, which is reflected by weight
gain, might prompt an increase in daily leave from the ward and more options for
food choices and meals outside the ward. Weight loss, however, might result in leave
restrictions and bigger portion sizes. Therefore, weight falsification is a comprehen-
sible effort to regain control.

As AN comes with an intense fear of gaining weight [1, 2], patients with AN falsify
their weight to appear as if they were gaining weight because they are so scared of a
weight increase. Thus, the scale might indicate an increasing body weight, while they
are losing weight or maintaining their current significantly low weight. Some patients
set themselves a maximum body weight, that does not align with suggestions made by
the therapists.

Despite knowing that they do not make progress during therapy, some patients do
not want to disappoint their therapists and their family members.

Another reason could be that people want to normalize their life (e.g., go to uni-
versity, keep their driver’s license), for which a certain BMI is needed. A too-low BMI
will not allow these “normal” things, as the risks included are too high.

2.2 Methods of weight falsification

The main methods of falsification are an increase in the body’s water content, the
consumption of food with very few calories, and attaching weight to the body [6-9]:

* Increasing the body’s water content

o Water loading: Drinking large amounts of water or other liquids.

o Going to the toilet less often to retain feces or urine.

o Consuming high amounts of salt to increase water retention.
* Consuming food with very few calories

o Eating high-fiber, low-caloric food, for example., cucumbers, sauerkraut.
* Using weights

o Wearing weights under sweaters or around ankles.

o Stuffing coins/weights in pockets or underwear.

o Sewing weights into the seams of clothing.
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o Wearing heavy hair accessories or jewelry as well as adding weights in the hair/
ponytail.

o Stuffing weights in their cheeks.
o Wearing padded clothing (bras, sweaters...).

o Internal weights: Putting weights inside the anus or vagina.
2.3 Consequences of weight falsification

The falsification of weight can have various consequences for the patient and their
health. Drinking large amounts of water, for example, can decrease sodium plasma
concentrations, which can lead to fatigue, other electrolyte disturbances or seizures,
and cardiac arrhythmias [10]. Putting weights internally or swallowing them might
harm the internal organs.

Other potential consequences can be an erroneously early discharge from services
with the consequent risks to their health and life.

Furthermore, others could be at risk as a result, for example, if a person with a
very low BMI drives a car while they are unwell. Due to dizziness, extreme fatigue,
blurred vision, and poor concentration, they may cause a car accident [11].

Premature discharge from inpatient treatment might limit further improvement
or trigger a relapse into AN. Patients who are too unwell to manage their AN in the
community might get rejected by outpatient therapists and dietitians.

3. Measures to prevent weight falsification
3.1 Additional physical examinations

Therapeutic weighing of people with AN is a continuous process of systematic
desensitization toward acceptance of a higher and healthier body weight. However,
it is also part of medical risk management and an assessment of a person’s strength or
frailty. Additional physical examinations that can inform the management of under-
nourishment include:

* Mid-upper arm circumference measurement (MUAC): Measuring the circumfer-
ence of the arm between the tip of the elbow and the shoulder on the upper arm.

* Grip strength: Static force measured by gripping a dynamometer as hard as
possible.

Both parameters improve as nutritional intake improves and weight restores.
Additional instrument-based examinations are the determination of starvation mark-
ers, such as the leukocyte count or thyroid hormones [12].

3.2 Specific methods of weight falsification and countermeasures

If the body weight of a person with AN seems implausible, the weigh-in should
be repeated. This can be announced and unannounced which is often referred to as
spot-weighing.
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Table 1 provides an overview of methods of weight falsification and suggestions for
possible countermeasures. However, some suggested approaches may not be appropri-
ate for an individual patient as they might be perceived as too coercive. Examples of
potentially inappropriately coercive measures are the use of metal detectors, patting a
patient down, or letting them do jumping jacks. However, people with AN, like any other
person, have an individual perception of shame, and the use of a metal detector might be
less coercive for an individual patient than lifting their gowns.

3.3 Working collaboratively to prevent weight falsification

Transparency is a key aspect of communication around body weight. Clinicians
should always maintain a therapeutic and supportive stance with the service user
regarding their recovery and recognize that any weight falsification is a symptom
attributable to the eating disorder. Direct questions should be asked with compassion,
for example, “Many patients report that they have water loaded or tried to falsify their
weight in any other way? Has this happened to you?”

The therapists should clarify the reasons for weight frailty-checking and should
explain that the procedures are in place for every patient, out of concern for their
well-being.

The expectation is that a gradual trajectory of change will be seen (occasional
outliers can be ignored). Ongoing weight loss and weight falsification will have
consequences, but the therapists and clinical staff will try to understand and support
the patients with both.

Method of weight falsification Measures to prevent it from happening

Water loading Limited access to water before weigh-ins.

Checking rooms for empty water bottles or
weights.

Supervised toilet visits before weigh-in.

Blood drawing and measurement of sodium
levels before or after weighing.

Mandatory toilet use before weigh-in.

Observing whether patients use the toilet
shortly after weigh-in.

Consumption of salty foods Measurement of blood sodium levels.

Wearing weights and/or heavy clothing; hiding weights
in hair or clothes

Weighing in light gowns or underwear.

Shaking out the hair.

Letting the patient lift the gown to show that
there are no weights hidden underneath.

Using metal detectors.

Patting down the patient.

Internal weights (e.g., anus, vagina, cheeks) Jumping jacks to dislodge any weights.

Checking the mouth.

The countermeasures should be explained to the service user and individually tailored to meet their needs and support
therapy in the best way possible. Some measures are only feasible in an inpatient setting. Not all approaches are
appropriate for all patients and might be perceived as too coercive. For further information, see [6, 10].

Table 1.
Methods of weight falsification and suggestions for possible countermeasures.
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Communication goal Examples Rationale
Ask direct but * “Many patients have told me that they Encourage honesty, giving the
compassionate water loaded before being weighed. option of talking about the weight
questions before the Have you water loaded today?” falsifying.
weigh-in * “We know that the AN urges people
to falsify their weight. Have you
attempted weight falsification before
this weigh-in?”
Being transparent * “We are noticing some ups and downs Giving the service user clarity
in your weight over the last few weigh- and preparing them for what will
ins. I am concerned that some of the come up, thus helping them to feel
weights we are seeing may not be real. prepared and more comfortable and
Is there anything that you would like less overwhelmed.
to talk about regarding this?”
Showing compassion * “This must be really hard for you.” Making the patient feel heard and

“You might feel very (emotion) right
now and that’s okay.”

cared for.
Improves communication between
service users and staff.

Reassuring and
comforting the service
user

“I know how hard this is for you, but I
am here to help and if we do not know
your real weight, it is not safe as we
cannot accurately assess the risks to
your physical safety.”

“These are routine measures that we
use for everyone.”

“I'am here to support you.”

Reassuring the service user that the
team is always here to support them
and that they are not singled out for
special treatment.

Table 2.

Questions and phrases to improve the communication regarding body weight and its measurement to prevent

weight falsification.

Overall, it is important to be as transparent and reassuring as possible, to make the
experience as minimally stressful as possible. A strong therapeutic relationship can
help the service user to feel more comfortable, decreasing the need for them to falsify
their weight, or be more open about this. Table 2 provides examples of useful ques-

tions and phrases.

4. Conclusions and future perspectives

Even though weight falsification is a frequent clinical problem in the treatment
of AN, little research has been done so far. Our chapter is only a first step which has
been based on the scarce literature, and the experience and opinion of ED specialists
and service user representatives. However, standardized approach to measure weight
falsification and generally accepted methods to prevent weight falsification from
happening are not available. Current treatment guidelines do not address this issue,
even though some hospitals have local policies in place. Thus, research on weight falsi-
fication, its consequences and prevention is needed. It should take place in different
settings, for example, outpatients, day care, and inpatients. Being weighed and seeing
numbers on the scales can be a highly stressful and emotional experience for patients
struggling with eating disorders, therefore it is highly important that empathy and
compassion are at the forefront of further research and strategies to support service
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users in this area. A more open approach to encouraging discussion in this area would
be appreciated. As weighing should become a collaborative process, methods to
improve trust and the therapeutic relationship should be developed with the involve-
ment of service users, their carers, and ED professionals.

Measuring the correct body weight might not only improve the assessment of
physical health consequences of AN but could also lead to a better understanding
of the emotional needs of people with EDs. For example, a recently published study
has found that a higher BMI was associated with more severe ED psychopathology,
more depressive symptoms, anxiety sensitivity, experiential avoidance, and lower
mindfulness in patients across the whole spectrum of restrictive, binge-purge, and
atypical AN [13]. Furthermore, recent research indicates that body weight at the start
of inpatient treatment as well as weight gain kinetics during inpatient therapy for AN
might help to predict treatment outcomes, improve clinical decision-making, and
manage expectations of patients and clinicians [14]. Thus, a collaborative and more
accurate way of measuring body weight might improve the clinical formulation and
the decision-making process and lead to better treatment success and a more pleasant
treatment experience in people with AN.
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Chapter 12

Psychoeducation on Medication
for People with Anorexia Nervosa:
A Quality Improvement Project

Jessica McMahon, Ines Green, Titilope Omitogun, Ivana Picek,
Gemma Peachey, Camilla Day, Janet Treasure
and Hubertus Himmerich

Abstract

Whilst no medication has yet been approved for the treatment of anorexia nervosa
(AN), clinicians often prescribe psychopharmacological and physical health medica-
tion to help with low mood, anxiety, obsessive-compulsive symptoms, sleep problems
and pain. However, shared decision-making (SDM) requires an informed patient who
feels confident to make the decision on their medication together with the medical
doctor. We have therefore designed an intervention that consisted of a leaflet and two
seminars, one on psychopharmacological agents and one on physical health medica-
tion, and we have measured the patients’ own perception of their knowledge about
medication before and after this intervention. A total of 11 patients with AN, 10
females and one gender-fluid person between 19 and 37 years of age who were
currently treated in our inpatient or daycare service, agreed to participate in the
quality improvement project. After the intervention, patients felt significantly better
informed in four different domains: medications for eating disorders, mental health
and physical health medication, and pro re nata (PRN) medication. The latter is
medication that is given as required. Thus, a psychoeducational activity consisting of
written information and seminars seems feasible to improve knowledge and SDM in
people with AN. However, the small sample size limits the generalizability of our
findings.

Keywords: eating disorder, anorexia nervosa, psychoeducation, medication,
psychopharmacology

1. Introduction
1.1 Anorexia nervosa

Anorexia nervosa (AN) is a serious psychiatric disorder that can be associated with
poor outcomes. The diagnostic criteria of the condition are characterized by the drive
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to achieve and maintain a low body mass index (BMI), an intense fear of weight gain
and body image disturbance [1]. AN can take a chronic course and has a high mortal-
ity rate. Therefore, the standard mortality rate is ~5.9 [2] which is the highest mor-
tality rate within psychiatric conditions. The high risk of dying is not only caused by
the acute physical risks associated with AN but also due to the increased risk of suicide
which is prevalent within this patient population [3, 4]. The lifetime risk for the
development of AN is up to 4% in females and 0.3% in males with the peak incidence
occurring within teenage years on average, aged 15.5 years old [5-7]. The course of AN
can often be chronic with only 46% of patients managing to fully recover from the
disorder and 20% of sufferers remaining chronically ill [3, 4]. The chronic course of
the disorder compounds the significant impairment of the individual’s physical health
and psychosocial functionality [8]. The high mortality rate and significant debility
caused by AN propagates the urgent need to optimize and explore psychopharmaco-
logical treatment options to improve both recovery rates and quality of life for current
sufferers.

1.2 Psychopharmacological treatment for anorexia nervosa

Whilst psychopharmacological treatment options for other serious psychiatric
conditions expanded exponentially through the 1950’s with the development of new
antipsychotics and antidepressants, the application of these medications within
patients meeting the diagnostic criteria for AN was not successful [9]. At present,
there is no medication approved to treat AN [3, 10] despite the correlation and
overlap of symptoms with many other psychiatric diagnoses, namely, low mood,
anxiety, and disrupted sleep [11].

The intense fear of weight gain, characteristic of the disorder, can often serve as a
barrier to patients participating in trials of medication, where weight gain is a potential
or known side effect. This barrier is both problematic for randomized controlled trials
[RCTs] recruitment and for ongoing management by eating disorder teams [12]. Not
only do some medications confront the fear of weight gain but other side effects such as
metabolic changes, cardiac issues, sedation, and bone marrow suppression also may
cause reluctance to commence such medication, without effective counseling of the risks
presented. Even though medication has become an accepted means of self-management
in many Western societies, patients with AN often see the refusal of recommended
medication as a personally meaningful practice to resist their treatment [13].

The ambivalence of patients to engage in psychopharmacological treatment con-
tributes to the lack of RCTs currently available in AN. The few published RCTs often
have a small size [14], and the RCTs which have been published show only modest
remission rates at the end of treatment varying between 13 and 43% [15]. The lack of
RCTs with substantial sample sizes and with significant evidence of the benefits of
psychotropic medications poses significant challenges to the medical management of
this patient group.

Whilst there is no approved psychopharmacological treatment of AN, many med-
ications are used by clinicians off-label to help improve specific symptoms patients
may struggle with.

1.3 The patient’s perspective

Self-starvation is a mechanism that serves people with AN to cope with difficulties
such as acute stress, anxiety, and low mood. Within patients with acute AN, studies
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have demonstrated a positive correlation between low body weight and fewer emo-
tional regulation difficulties, establishing that the maladaptive mechanism of caloric
restriction is of benefit to the patient in managing aversive emotions [16]. Aiming at
weight restoration could therefore be interpreted as a threat to the individual, forcing
them to re-experience the underlying mood difficulties, whereas maintaining a low
BMI mitigates experiencing their low mood; this mechanism impacts their motivation
for recovery [17]. Thus, if the underlying psychological problem of low mood or
anxiety could be treated, there would be a chance to mitigate the overall resistance to
weight restoration.

Medication compliance and interest in commencing medication from a patient’s
perspective would be more acceptable if focused on emotional dysregulation as
opposed to weight gain, due to the fears this elicits. Thus, psychological
improvement of patients with AN should be pursued and interpreted as a
separate important outcome measure independent of weight restoration [18].
Psychological improvement can be a tool to aid future recovery and reduce
functional impairment.

With effective medication counseling and empowering patients’ autonomy over
their condition and treatment, medication compliance and psychological improve-
ment could be seen.

1.4 Aim of the study

As explained above, no psychopharmacological medication has been
approved for use in people with AN. Nonetheless, people with AN are
prescribed various medications for off-label use. Off-label use, however,
requires a shared decision based on sufficient information that should be given
to the patients.

This study was designed to provide psychoeducation to people with AN on the use
of medication to help with the AN and associated physical and mental health conse-
quences. We hypothesized that patients would feel better informed about both phys-
ical health medication and psychotropic medications that may be used as part of the
treatment of their eating disorder.

The intervention was added to treatment as usual (TAU). In our eating disorders
service, TAU includes psychological therapy (Cognitive Remediation Therapy (CRT),
Cognitive Remediation and Emotional Skills Training (CREST), Maudsley Model of
Anorexia Nervosa Treatment for Adults (MANTRA), Cognitive Behavioral Therapy
(CBT), Motivational Enhancement Therapy (MET), dietary advice, physical health
monitoring, nursing and occupational therapy. A questionnaire was created to deter-
mine current knowledge of both physical health medications and psychopharmaco-
logical medications and how well-informed patients with AN felt about making
decisions regarding medication they have been or may currently be prescribed.
Following the collation of these data, two workshops were conducted to provide
education on both physical health medications and psychopharmacological
medications in relation to eating disorders. A leaflet with supplementary and
supporting information was given to patients as a learning aid including the
pharmacokinetics, pharmacodynamics of commonly prescribed physical health and
psychotropic medications. The efficacy of these workshops was later assessed, and
this information was collated to determine how useful these sessions and the leaflet
were to the participants. Within this publication, we present the statistical analysis of
the survey.
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2. Methods
2.1 Patient sample

The psychoeducation was offered to all patients on the inpatient eating
disorder unit and eating disorder day services within the South London and
Maudsley NHS Foundation Trust. Thus, all the patients who were admitted to
inpatients or day services were eligible to participate in the study. Our unit is
specialized in the treatment of people with AN. No patients were excluded based on
physical health conditions. No payments were made to participants included in
the study.

A total of 11 patients with AN, according to the ICD-10 criteria, 10 females and
one gender-fluid person, agreed to participate in the quality improvement (QI) pro-
ject. Patients were between 19 and 37 years of age. The mean age (£standard devia-
tion) was 27 (4+6) years. Nine patients were treated in the South London and
Maudsley NHS Foundation Trust eating disorders day service and two on the
inpatient unit. The duration of current treatment in the named service ranged
between 1 month and 9 months; the mean duration of treatment was 4.4 (3.0)
months. The duration of their AN was between 3 years and 28 years with a mean of 12
(£7.3) years.

The main psychiatric comorbidities were depressive disorder (46%), anxiety dis-
orders (36%) and obsessive-compulsive disorder (18%). Some patients currently took
or had regularly taken the antidepressants fluoxetine (18%), sertraline (36%),
citalopram (9%), mirtazapine (9%) or venlafaxine (9%), the atypical antipsychotics
olanzapine (36%) or quetiapine (18%), the anxiolytics diazepam (9%) or
promethazine (18%), or melatonin as sleep aid (9%).

2.2 Questionnaires

The QI project team which consisted of patients and clinicians from the eating
disorders inpatient ward and day service unit within the South London and Maudsley
NHS Foundation Trust (SLaM) developed a questionnaire to measure the effective-
ness of the psychoeducational intervention.

The questionnaire had four main sections. The first section provided personal
information about the patient and their experience with prescribed medication,
current or historical, relating to their eating disorder and general mental health.

The second and third sections use a series of 4-point Likert scale questions,

ranging from O to 4 (0 = strongly disagree, 2 = neutral, and 4 = strongly agree). The
second and third sections focused on how well-informed patients feel about making
decisions relating to medication before and after the workshop and leaflet being
distributed, respectively. These questions had four domains: Medication for eating
disorders, medication for other mental health disorders, pro-re-nata (PRN) medica-
tion, which means medication as required, and medications for physical health con-
sequences.

The fourth section evaluated how helpful the participants found both the
workshop and leaflet. The questionnaires were completed by 11 patients with AN
between June and July 2023. The patient questionnaire used is depicted in the appendix
of this article.
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2.3 Workshops and leaflet

There were two separate workshops. One focused on physical health
medications patients may have come across in the treatment of their eating disorder, and
the other focused on psychopharmacological medication. A leaflet was also co-designed
by patients and clinicians to provide concise information on pharmacokinetics and phar-
macodynamics, physical health medication and psychopharmacological medication.
Drawings, created by patients, were incorporated into the materials. The leaflet can be
provided upon request to the corresponding author.

2.4 Data evaluation and statistics

The data collected were entered into an excel spreadsheet and fed into IBM SPSS
Statistics Version 29. The differences between baseline and after the interventions
were calculated using t-tests.

2.5 Ethical approval

The study was approved as a QI project by the QI committee of the South London
and Maudsley NHS Foundation Trust in May 2023.

3. Results
3.1 Facilitation and acceptance

All (100%) QI project participants reported that they attended both workshops, the
workshop on psychopharmacological medication and the workshop on physical health
medication. All (100%) answered that they had been given written information on
medications for physical health related to eating disorders. However, only 91%
answered that they had been given the information on medications for eating disorders
and on other mental health conditions. About 64% confirmed they had received written
information on PRN medications for mental health, and 73% agreed they had received
leaflet information on medications for physical health related to eating disorders.

3.2 Quantitative results

QI project participants rated their opinion regarding how well-informed they felt
about making decisions on medication for eating disorders using a questionnaire that
contained 47 questions. Questions 11 to 22 measured the feeling about being informed
before the intervention on a 4-point Likert scale with values between 0 and 4, and
questions 23 to 34 were corresponding questions which were asked after the inter-
vention. Table 1 depicts the mean scores & standard deviations and the two-sided
p-value of a t-test.

The patients who took part in the project felt significantly better informed about
medications to make decisions for their own treatment. This applied to all questions
asked in the four domains: Medication for eating disorders, medication for other mental
health disorders, PRN medication and medications for physical health consequences.

219



Weight Loss — A Multidisciplinary Perspective

Domain Survey question before and after the  Mean + SD Mean + SD p-value
intervention: I feel I have enough before after
information ...
Medication for Regarding the intended effects of regular 1.6 £ 0.9 34+£05 <0.001
eating disorders medications specifically for eating
disorders.
Regarding the side effects of regular 15+1.0 34+£07 <0.001
medications specifically for eating
disorders.
To make decisions about medications 1.1+£0.8 34+£05 <0.001

specifically for eating disorders.

Medication for other =~ Regarding the intended effects of regular 20+11 33+£0.6 0.014
mental health medications for other mental health
disorders conditions.

Regarding the side effects of regular 2.0+11 3.0+ 0.6 0.033
medications for other mental health
conditions.

To make decisions about regular 19+09 31+05 0.007
medications for other mental health
conditions.

PRN medication Regarding the intended effects of PRN 16+£13 32+038 0.009
medications for mental health

Regarding the side effects of PRN 15+12 28+0.8 0.026
medications for mental health

To make decisions about PRN medications 1.5+1.2 29+ 0.0 0.017
for mental health

Medication for Regarding the intended effects of 21+14 37+05 0.004
physical health medications for physical health related to
consequences eating disorders

Regarding the side effects of medications 21+13 35+0.7 0.013
for physical health related to eating
disorders

To make decisions about medications for 21+12 35+ 05 0.006
physical health related to eating disorders

Abbreviations: Standard deviation (SD), pro-re-nata (PRN) medication.

Table 1.
Mean scores + standard deviations before and after the intervention, and the 2-sided p-value of a t-test of
corvesponding questions measuring the feeling about being informed of all n = 11 study participants.

3.3 Qualitative results

In the free text, patients wrote that they want to be informed about how and where
to bring up being prescribed the medication, when the medication should be reviewed
and how to come off the medication. They also wanted to learn more about the
statistics of effectiveness in patients. One patient wished to have more information on
PRN medication for mental health during the workshops. While thanking the study
team and the facilitators, one patient wrote “Thank you! It’s not something that’s
relevant right now but was useful to think about past medication and hear about
future research”.
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4. Discussion
4.1 Summary and interpretation of the results

In the reported QI project, we facilitated psychoeducational activity for people
with AN in intensive care settings (inpatient and day service) to provide information
on the use of medication to help with eating disorders. The psychoeducation consisted
of three elements:

* A co-designed leaflet for people with eating disorders with information about
psychopharmacological and physical health medication with a focus on eating
disorders, their comorbidities and health consequences.

* An interactive seminar on psychopharmacological medications.
* An interactive seminar on medication for physical health medications.

The 11 patients who took part in the project felt significantly better informed about
medications to make decisions for their own treatment. Thus, we achieved the aim of
this intervention which therefore seems feasible to be tested in a larger group of
patients.

However, areas that patients felt should have been covered better in the workshops
and on the leaflets were as follows:

* How to approach clinicians to talk about medications and discuss prescriptions?
* When medications should be reviewed?

* How to come off medications?

* What makes a medication deemed effective in terms of the underlying statistics?
* PRN medication for mental health.

After the facilitation of the two workshops and handing out the leaflet on
medication to help with eating disorders, patients felt significantly better informed
about medications for eating disorders, psychopharmacological medication in general,
PRN medication and medication for physical health conditions. They felt particularly
better informed to make decisions about medication. This was the primary goal of our
intervention. To make the best possible decision, a patient should be well informed
about the realistic benefits and risks about medication to make the decision together
with the clinician based on their own preferences and values, because this approach
has been shown to be associated with higher adherence to and satisfaction with the
treatment [19-22].

So far, no medication has been approved for the treatment of AN.

However, the severity of the ED often requires supportive psychopharmacological
treatment. The best possible recommendation for AN is olanzapine as there is
strong evidence to suggest that it is an effective intervention for weight recovery.
Despite this, effects on psychopathology are not clear. Weight gain was the
primary outcome of most published studies. Therefore, olanzapine has not yet been
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authorized for use in eating disorders. Other medications that have been tested
for AN include antiepileptics and mood stabilizers (e.g., lithium) and

appetite stimulants (e.g., dronabinol), but the evidence for these medications is
limited [23].

With the off-label use of these medications, a shared decision should be reached
between patients and healthcare professionals about whether the medication is to be
used to support treatment of their eating disorder. Patients require sufficient infor-
mation about such medications before they can make an informed decision about
whether they want to take the medication or not [24]. This QI project has demon-
strated that, with psychoeducational activity, patients felt better informed to make
decisions about medication.

There is a high percentage of co-morbid anxiety disorders within our sample which
from our experience is representative of the wider eating disorder population. We
hypothesize that co-morbid anxiety symptoms (presenting in different forms) often
perpetuate inability to weight restore due to food restriction being a pathological
safety behavior that reduces anxiety in general. Anxiolytic medications that reduce
levels of felt anxiety but do not eradicate it could help patients to expose themselves to
food intake and learn that food intake and weight restoration are not real threats to
them (as in exposure therapy). Put in another way, anxiolytic medication could help
food feel less scary, so one is willing to expose oneself to it and learn that you do not
need to be scared.

4.2 Limitations

The reported psychoeducational QI project had only a small sample size of 11
patients. Thus, the statistical significance must be interpreted with caution. The
patients who took part in the project were potentially more enthusiastic and moti-
vated than patients who did not take part. We did not keep a record of patients who
declined to come to the seminars and their reasons for this. Even though the informa-
tion leaflet was co-designed with patients with AN and approved by the multidis-
ciplinary ED team at the South London and Maudsley NHS Foundation Trust, it was
not independently peer reviewed. Another limitation is that we did not assess the
eating disorder psychopathology in a standardized way before and after the
intervention.

4.3 Future directions

Our psychoeducational QI project mainly conveyed information on
medication, pharmacodynamics, pharmacokinetics, pharmacological mechanisms
and principles, efficacy, and side effects. Monitoring aspects and terminating
pharmacological treatment were not covered extensively or comprehensively as
the written feedback from patients revealed. Another area for improvement is
the relational aspect of psychopharmacology, for example, when and how a
patient with an ED should approach their clinician. In contrast to psychotherapy,
there is not much research about the relationship between the prescriber and the
patient in EDs available. From a practical experience, we are aware that a
medication can remind the patient of the prescriber and is therefore a relational
symbol, as such, it should be a source of productive cooperation, motivation, and
mutual trust.
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A. Questionnaire

Quality Improvement Project — Shared decision-making regarding medications in
treatment for eating disorders.

This questionnaire has been created to help improve shared decision-making
around the use of medications in eating disorders as part of a quality improvement
project. Please answer the questions according to your experience. Thank you for your
participation.

To be completed BEFORE the leaflet has been distributed/the workshops have
been facilitated:

Personal information.

1. My age.
2. My gender.

3. My current treatment: I am currently treated in the following service (e.g.
FREED, Outpatients, Day Services, Inpatients):

4. Duration of my current treatment in the above-named service:

5. Diagnosis:

6. Duration of illness:

Are you currently taking/have you previously taken prescribed medication relating
to eating disorder? Please specify which.

7. Regular medications specifically for eating disorders (e.g. for managing eating
disorder thoughts or behaviors)
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8. Regular medications for other mental health conditions (e.g. for managing
mood, anxiety, OCD, etc.)

9. PRN (as and required) medications for mental health (e.g. sleep, acute
anxiety)

10. For physical health associated with eating disorders (e.g. electrolyte
supplements, vitamin supplements, constipation)

Opinion about how well-informed you feel about making decisions regarding
medication for eating disorders
Strongly disagree Neutral Strongly agree

0 1 2 3 4

11. I feel I have enough information regarding the intended effects of regular
medications specifically for eating disorders.
0 1 2 3 4
12. I feel I have enough information regarding the side effects of regular
medications specifically for eating disorders.
0 1 2 3 4
13. I feel I have enough information to make decisions about medications
specifically for eating disorders.
0 1 2 3 4
14. 1 feel I have enough information regarding the intended effects of regular
medications for other mental health conditions.
0 1 2 3 4
15. I feel I have enough information regarding the side effects of regular
medications for other mental health conditions.
0 1 2 3 4
16. I feel I have enough information to make decisions about regular medications
for other mental health conditions.
0 1 2 3 4
17. 1 feel I have enough information regarding the intended effects of PRN
medications for mental health.

0 1 2 3 4



Psychoeducation on Medication for People with Anorexia Nervosa: A Quality Improvement...
DOI: http://dx.doi.org/10.5772 /intechopen.1006307

18. I feel I have enough information regarding the side effects of medications for
PRN medications for mental health.

0 1 2 3 4

19. I feel I have enough information to make decisions about medications for PRN
medications for mental health.

0 1 2 3 4

20. 1 feel I have enough information regarding the intended effects of medications
for physical health related to eating disorders.

0 1 2 3 4

21. I feel I have enough information regarding the side effects of medications for
physical health related to eating disorders.

0 1 2 3 4

22. I feel I have enough information to make decisions about medications for
physical health related to eating disorders.

0 1 2 3 4

To be completed AFTER the leaflet has been distributed/the workshop have been

facilitated:

Opinion about how well-informed you feel about making decisions regarding

medication for eating disorders

Strongly disagree Neutral Strongly agree
3

0 1 2 4

23.1feel I have enough information regarding the intended effects of regular
medications specifically for eating disorders.

0 1 2 3 4

24.1 feel I have enough information regarding the side effects of regular
medications specifically for eating disorders.

0 1 2 3 4
25. I feel I have enough information to make decisions about medications
specifically for eating disorders.
0 1 2 3 4
26. I feel I have enough information regarding the intended effects of regular
medications for other mental health conditions.

0 1 2 3 4
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27.

28.

29.

30.

3L

32.

33.

34.

I feel I have enough information regarding the side effects of regular
medications for other mental health conditions.

0 1 2 3 4
I feel I have enough information to make decisions about regular medications
for other mental health conditions.

0 1 2 3 4
I feel I have enough information regarding the intended effects of PRN
medications for mental health.

0 1 2 3 4

I feel I have enough information regarding the side effects of medications for
PRN medications for mental health.

0 1 2 3 4
I feel I have enough information to make decisions about medications for PRN
medications for mental health.

0 1 2 3 4
I feel I have enough information regarding the intended effects of medications
for physical health related to eating disorders.

0 1 2 3 4
I feel I have enough information regarding the side effects of medications for
physical health related to eating disorders.

0 1 2 3 4
I feel I have enough information to make decisions about medications for
physical health related to eating disorders.

0 1 2 3 4

Have you been given any information leaflets for:

35.

36.

37.
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Regular medication specifically for eating disorders?

Yes/no

If yes, how helpful is the leaflet?
Not helpful atall Somewhat helpful Very helpful
0 1 2 3 4

Regular medication for medications for other mental health conditions?

Yes/no
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38. If yes, how helpful is the leaflet?
Not helpful at all Somewhat helpful Very helpful
0 1 2 3 4

39. PRN medications for mental health?

Yes/no

40. If yes, how helpful is the leaflet?
Not helpful atall Somewhat helpful Very helpful
0 1 2 3 4

41. Medications for physical health related to eating disorders?

Yes/no

42. 1f yes, how helpful is the leaflet?
Not helpful atall Somewhat helpful Very helpful
0 1 2 3 4

Have you attended the workshop for:

43. Medications for eating disorders and mental health conditions?

Yes/no
44. If yes, how helpful is the workshop?

45. Medications for physical health problems related to eating disorders?

Yes/no
46. If yes, how helpful is the workshop?
Any other suggestions/comments:

47. Is there anything else you feel would help you feel more informed to make
decisions about medications? Or any other comments?

I agree that my data are used for service improvement and research. I am aware
that my participation is voluntary and that my data will be anonymized and used
for research purposes and service evaluation.

Signature or initials:

Thank you very much for your participation.
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Chapter 13

Empowered by Hope: Insights
from Lived Experience in Eating
Disorder Recovery

Phoebe Saville

Abstract

This chapter will explore the transformative power of hope, drawing from both
my personal battle with the eating disorder (ED) anorexia nervosa (AN) and the
clinical insights I have gained since working on an ED inpatient unit during a place-
ment as an MSc student. It was through fostering hope that I was able to support
myself and promote recovery, a pattern I have observed frequently in practice. This
chapter will explore how hope can be instilled through recovery-promoting strategies
such as creativity and goal setting, alongside the value of relationships and lived expe-
rience support. Overall, I advocate for a more optimistic and empowering approach
to mental health recovery, particularly in the context of EDs, which can be achieved
through spreading hope and sharing stories of recovery.

Keywords: lived experience, eating disorders, anorexia nervosa, hope, creativity,
goal setting, relationships

1. Introduction

Within the context of mental illness, hope emerges as an indispensable force,
aptly defined by the late Desmond Tutu as ‘being able to see that there is light despite
all of the darkness’ [1]. This chapter will explore the transformative power of hope,
drawing from both my personal battle with the eating disorder (ED) anorexia nervosa
(AN) and the clinical insights I have gained since working on an ED inpatient unit
placement as an MSc student. I will share how hope can be fostered on the path to
recovery through creativity, supportive relationships, goal-setting, and lived experi-
ence support.

1.1 My story

When I was 14 years old, I found myself entangled in a struggle with food and
exercise. Initially, it was my enthusiasm for middle-distance running that contributed
to my overexercising and focusing on ‘clean’ eating. Quickly, the foods I deemed
healthy became less and less calorific, and the runs I went on longer and longer.
Inevitably, my weight plummeted. Surprisingly, though my initial motivation was not
driven by body image, I found myself besieged by body dysmorphia. I lost the ability
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to perceive myself accurately. Instead, I viewed my transformed body as a ‘work in
progress, convinced that more weight needed shedding to achieve a prime athletic
physique.

AN takes on two distinct forms: the restricting subtype and the binge-purge
subtype [2]. It was when, in a desperate attempt to shed even more weight I
engaged in the latter and could no longer deny the unhealthy path I was on. Despite
this realization, I was terrified to even entertain the thought of the alternative—
eating more and keeping it down. Indeed, AN cruelly operates on the paradoxi-
cal principle that the individual’s worst fear, food, is their necessary medicine.
Therefore, the preservation of destructive behaviors became my top priority,
eclipsing everything else.

Fortunately, with intervention from my parents, who took me to a GP appoint-
ment, [ was referred to Child and Adolescent Mental Health Services (CAHMS).
On my initial visit, I was told I was grappling with AN (for formulation see
Table 1). With a body mass index (BMI) of 14 kg/m2, I met the threshold for
hospital admission [3]. However, I was granted a mere week to gain weight at home
to avoid this. Outpatient treatments provide care in the least restrictive setting
and thus are favored by current psychiatric practice [4]. So, for me, like many
others, outpatient care was explored as the first-line treatment. I was subsequently
placed on ‘bed rest’ at home for the following weeks to gain weight. The stringent
measures imposed by the clinicians completely restricted my freedom and, in
some ways, bore a resemblance to the sudden restrictions later imposed during the
COVID-19 pandemic.

Poignantly, whilst I was away from school, a teacher cautioned my friends to not
get their hopes up as I would ‘never fully recover’. This prognosis instilled in me a
profound sense of hopelessness. Not only was I physically confined to my home, but I
also felt emotionally confined by the belief that any recovery efforts were futile. I felt
trapped in a perpetual anorexic existence. My teacher was not alone in her concern, as
many people question whether it is possible to ever fully recover from AN [5]. Indeed,
even the statistics surrounding recovery seem poor, with less than half of people with
AN fully recovering and a third relapsing after treatment, making it one of the most
treatment-resistant psychological illnesses [6, 7].

Yet I did manage to find hope during this dark time, and against these odds, I
find myself 9 years later typing this chapter as a testament to a fully recovered life.
Although definitions of recovery do vary, I have met all definitions of complete recov-
ery concerning physical, behavioral, and psychological indices for many years [8].
Therefore, I want to send the message that real, full, and lasting recovery is possible
despite what we are so often told. Now, I am even working with individuals battling

Predisposing factors Perfectionism
Precipitating factors Loss of appetite and resulting weight loss
Perpetuating factors Effects of starvation

Parents not in charge of meals

Protective factors Expresses a wish to gain weight
Parental support and consistency
Parental commitment

Phoebe meets the criteria for a DSM-5 diagnosis of Anorexia Nervosa. There ave no current comorbidities.

Table1.
Table of formulation by my consultant child and adolescent psychiatrist.
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with the same illness I overcame. My past has not hindered me but has actually
enabled me to bring a deep experiential understanding and empathy to my clinical
work. There was so much to be hopeful for.

2. Creativity

So, what enabled me to retain hope during this time?

During my time recovering at home, I created a self-guided scrapbook entitled
‘Healthy Me’. To visualize what life could look like once I was healthy again, I sifted
through magazines, selecting images and words to collage on each page. One page
simply captured the essence of outdoor walks, emphasizing the sensations of being
windswept, the scent of flowers in bloom, and the sights of the different seasons
(see Figure 1). Other pages showcased my travel aspirations, one being Cornwall
(see Figure 2) and another being South Africa, symbolizing faith that I would be
well enough to explore these places for myself. In fact, the entire scrapbook echoed
a theme of hope, envisioning my future beyond confinement. I have now witnessed
everything I had scrapbooked come to fruition, having been on more walks than I can
count, visited both Cornwall and South Africa, and even ventured further abroad.
These experiences have been extraordinary, knowing how much I longed for each
one, showing that my hope was not in vain.

National #
Trust

Figure 1.
The essence of outdoor walks.
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Figure 2.
My travel aspirations.

Although this was a self-led activity, scrapbooking is employed by creative arts
therapy. The therapeutic and creative process of making art provides a non-verbal
way to express thoughts and feelings [9]. This non-verbal process has been shown to
reduce the use of defense mechanisms utilized by ED patients to protect themselves
and provide a sense of control [10]. Indeed, I found this right-brain-engaging cre-
ative activity enabled me to shift from avoiding my feelings to actually feeling them.
Furthermore, recent neuroscientific studies suggest that the brain reacts to mental
images in the same manner as it does to reality [11]. Therefore, envisioning change
through creativity is a very powerful tool. Thus, when I collaged images of going
abroad, my mind pictured me there, providing me with a tangible vision of my future
beyond AN.

Moreover, creativity in the form of scrapbooking provided me with temporary
psychological relief as it served as a distraction from the negative thoughts and emo-
tions that consumed me. Indeed, engaging in creative activities unrelated to disor-
dered behaviors can be transformative for ED patients. I have witnessed this as part
of my clinical placement, where I contributed to a weekly music therapy group in an
ED inpatient unit. Staff and patients gather to sing and make music, creating a space
where distinctions between residents and clinicians blur. Witnessing patients’ faces
light up and hearing remarks like “We should go on X Factor!} highlights the escapism
that they experienced during this time. The hour of immersive musical expression
provides a mental sanctuary, pushing aside disordered thoughts. Therefore, it is no
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surprise that when used therapeutically, music has been shown to have a positive
impact on ED symptomatology [12].

Despite creative arts therapy’s efficacy in helping instil hope through envisionment
and escapism, it was not a strategy utilized as part of my treatment. One reason for this
may be that CAMHS treatment is mainly based on family interventions. By contrast,
adult treatment is based on individual and group therapies and thus might allow more
for the employment of techniques such as creative arts therapy [13]. However, I believe
there is a need for creative arts therapy to be accessible to ED patients of all ages.

3. Relationships

Another aspect of my recovery that enabled me to retain hope was the presence of
supportive relationships.

My parents played a fundamental role in my treatment: they prepared and oversaw
all my meals and snacks, enforced the clinicians’ guidelines regarding my freedom,
took me to my weekly weigh-in sessions and provided unwavering emotional support.
This very significant level of involvement in my recovery was helped by their ability to
work from home. As indicated in my formulation (see Table 1), my parents’ support,
consistency, and commitment were identified as protective factors from the outset
of my recovery journey. Their approach embodied tough love, necessitating difficult
decisions on behalf of my well-being. Though I initially resented their firmness, I came
to recognize it as a manifestation of their unwavering dedication to my recovery, which
instilled in me a profound sense of determination. Their great efforts for my recovery
gave me hope as it demonstrated that they believed recovery was possible. As I pro-
gressed through recovery and regained control of my life, our relationship evolved into
a more balanced dynamic. Despite the extensive support they provided, the ultimate
decision to embrace life and pursue recovery rested solely with me, but this was a jour-
ney on which they supported me unconditionally, for which I am immensely grateful.

Within the framework of CAMHS treatment, which is centred around family
interventions, parents are recognized as pivotal in managing a young person’s ED and
bringing about change [13]. Parents are encouraged to take control of their child’s
eating until the child is deemed capable of regaining autonomy. Moreover, as parental
involvement in the recovery process involves identification of early ED signs, seeking
initial help, and navigating the many physical and psychological challenges faced by
their child, this begins before commencing treatment [14]. Additionally, the central
role of parents in treatment occurs amidst managing other responsibilities such as
parenting siblings and maintaining relationships, work, and finances [14]. Optimal
parental support has been shown to involve both parents and provide consistency,
support, and affirmation [15]. Indeed, I am not alone in recognizing the pivotal role
of familial relationships in recovery, as many individuals who have recovered describe
their family’s support as instrumental in their journey [16].

At 14, I was fortunate to have a supportive network of friends and in particular
a best friend who I boarded with at school during the week. During my ED acquisi-
tion, I often appeared emotionally disconnected as I was preoccupied with internal
struggles which consumed my thoughts and energy. Despite these challenges and then
the additional hurdle of being separated for weeks, our friendship endured. Whilst
recovering at home, she often sent me words of encouragement, shared songs that
she thought I would like, and even came to visit. This further example of unwavering
relational support gave me hope: both directly, through reassurance that I would get
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better, and indirectly, because it offered a lifeline to the rich friendships I longed to
return to. Despite the damage an ED did to our friendship in the short term, it not
only endured but ultimately grew stronger over time. Nine years later, we remain best
friends. Like many others in recovery, a motivator to heal stemmed from the desire

to return to normal, balanced friendships and reclaim my teenage experience. My
friendships taught me that I was valued and loved regardless of my struggles, which
gave me a strong foundation on which I found the strength to recover.

Friendship holds a central role in adolescent life, yet the onset of an ED can deeply
affect these relationships. Developing an ED often leads to emotional and social
distancing from friends, and a desire to heal damaged friendships can serveasa
significant motivator for recovery [16, 17]. Individuals in recovery express increased
hope when they strengthen emotional connections with supportive friends [16].
Additionally, patients with higher levels of social support, particularly from friends,
show better outcomes in terms of recovery and reduction of symptoms. High-quality
friendships, characterised by support, trust, and low conflict, promote the best
outcomes for those in recovery.

In summary, support systems, such as family and friends, have the influence
to significantly aid the ED recovery process. ED services must focus on providing
support and guidance regarding fostering stable relationships for both parents and
individuals in recovery. Due to the pivotal role parents play in child and adolescent
ED recovery, it is vital to guide and support them throughout the recovery process.
Offering parents training in skills to manage the illness can alleviate the distress of
living with someone with AN and improve patient outcomes [18]. Furthermore,
connecting parents with online support groups can be instrumental in offering
them support, information, and empowerment throughout their child’s recovery
journey [19]. Similarly, individuals in recovery should be encouraged to seek and
maintain supportive friendships, due to the positive impact this has on their recovery
process [16]. Supporting young people in addressing any challenges that may have
arisen in friendships due to their illness can help preserve these relationships and
prevent long-term negative consequences for the individual.

4. Goal setting

A further strategy that enabled me to support myself and retain hope was goal setting.

Throughout my early adolescence, I battled with a paralyzing fear of underachieve-
ment and the pursuit of excessively high personal standards. Indeed, perfectionism
has had longstanding implications in the pathogenesis of AN. Perfectionism often
precedes ED onset, is implicated as a maintaining mechanism, and remains elevated
after recovery [20]. Goal setting, closely linked to perfectionism, also emerges as a
significant construct within EDs [21]. This involves making conditional associations
between specific body shape and weight goals and the more abstract goal of attaining
happiness as an outcome. The fixation on these conditional goals, irrespective of their
appropriateness, organized my cognition and behavior whilst I wasiill.

In my outpatient treatment plan, clinicians provided recovery goals which were
staggered weight targets, each reinforced once achieved. The progression of rein-
forcement started with regaining the freedom to go on a walk, then returning to
school gradually, reintegrating into sports sessions, and ultimately transitioning back
to weekly boarding at school. As someone with high perfectionist tendencies, with
goal setting ingrained in my illness attribution, I was used to thinking in a blinkered
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goal-centred way. My transition from prioritizing illness to prioritizing recovery
began with these small weight gain goals, each achievement offering increased
freedom and a return to aspects of my former life, ultimately shifting the focus of my
perfectionism towards achieving full weight restoration. With each step, my hope
of recovery was strengthened. Furthermore, within an inpatient setting, I have seen
effective goals regarding the completion of nutrition and weight gain, rewarded by
increased freedom. Literature supports the use of goals in recovery, as individuals
who are provided with specific, challenging but attainable goals perform better than
those given easy, nonspecific, or no goals at all [22].

However, my positive experience with goal-setting reinforcement was specific
to the context of my care: As a minor at the time, my freedoms were restricted and
subsequently reinstated by my parents in line with the goals set by clinicians. The
dynamic becomes more complex upon reaching adulthood. In my clinical experience
in an inpatient setting, where patients are sectioned, clinicians have the authority to
revoke and reinstate freedoms as necessary. However, for adults undergoing outpa-
tient treatment, the process of reinstating freedoms becomes less straightforward, as
there are no mechanisms in place for their removal in the first instance.

Furthermore, Locke and Latham [23] outline, in the goal-setting theory of moti-
vation, those goals must be accepted by the individual [23]. Simply assigning goals to
someone is not indicative of their commitment to those goals, especially if the goal
is difficult to accomplish, such as weight gain for ED patients. A powerful method
of aiding acceptance is to allow patients to participate in the goal-setting process.
Indeed, early on in Cognitive Behavior Therapy for Eating Disorders (CBT-E) treat-
ment goals are set collaboratively, allowing the individual to then evaluate their prog-
ress throughout therapy [24]. However, concerning weight and food-related recovery
goals, collaboration is more difficult as AN is defined by denial. Indeed, after my
initial assessment, it was noted that I was not in total agreement with the clinician’s
plan for my care. However, as my goals were small increments and were reinforced by
valued aspects of my former life, it was not long until I was in total agreement due to
the motivation this strategy instilled in me.

5. Lived experience support

Finally, a strategy that I believe would have been instrumental in instilling hope
during my treatment is the inclusion of lived experience support. Individuals with lived
experience of EDs can play a crucial role in assisting those undergoing ED recovery, by
offering treatment support, partaking in research, or even working as ED clinicians.

During my outpatient treatment at CAMHS, I expressed a strong desire for support
from someone who had made a full recovery from an ED. Like all ED recoveries, my
journey was marked by numerous challenges and triumphs, and I firmly believed that
guidance from someone who had navigated a similar journey would have been invalu-
able. However, clinicians at CAMHS revealed a lack of contact with individuals willing
to share their lived experience of ED recovery, highlighting a gap in available resources.

Stable ongoing support from individuals who are also in recovery or have recov-
ered from an ED offers patients a connection with others who understand the com-
plexities of the recovery process [16]. Indeed, patients with EDs express that support
from individuals with lived experience alleviates feelings of isolation and poignantly
provides tangible hope for recovery [16]. This perspective is echoed by both patients
and caregivers alike [25]. Furthermore, adults post-recovery expressed that assistance
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and support had been the most forthcoming and helpful from other individuals who
had recovered from an ED, in comparison to professional help which had generally
been unhelpful and unempathetic [26]. Therefore, the resource of lived experience
support for children in CAMHS could enhance treatment.

In ED research, studies should continue to venture beyond brief self-report question-
naires to capture the experiential perspective of individuals with lived experience of
EDs [26]. Understanding the illness through the lens of lived experience offers a com-
prehensive picture that validates the experiences of those currently struggling with EDs.
For example, Redenbach and Lawler’s [27] study, revealed that none of the participants
who had recovered from an ED had adopted dysfunctional eating habits to emulate the
idealized body image perpetuated by the media [26]. If these findings had been accessible
to me, they could have alleviated my perception of being misunderstood, particularly
amidst a societal discourse of body image distortion as the primary driver of food
refusal [27]. Additionally, gleaning insights from lived experience research would have
offered me hope, knowing that others who had had a similar journey to mine had not only
successfully attained full recovery but were able to share their narratives to help others.

Additionally, this research is invaluable in informing practice. If outpatient treat-
ment programmes were informed by findings indicating that self-determination and
self-acceptance significantly fuel recovery, rather than solely relying on treatment-
focused interventions, individuals in recovery may feel more adequately supported
and hopeful [26]. Integrating such insights into treatment modalities could empower
individuals to take ownership of their recovery journey and foster a greater sense of
agency, hope and resilience.

Being an ED clinician with lived experience can assist those undergoing ED recov-
ery as the delivery of psychiatric services can be affected if clinicians have negative
reactions to patients with EDs [28]. It is widely accepted that the lived experience of
an ED deepens therapists’ understanding of and empathy for clients [25]. A clinician’s
feelings towards patients directly impact the therapeutic alliance associated with
patient outcomes. Patients stated that being treated by a recovered therapist had a
positive effect on their recovery process as recovered therapists serve as positive role
models and inspire hope for recovery [29]. This hope is not only due to the demon-
stration that recovery is possible but also that one can go on to lead a stable and pro-
ductive life [30]. For me, always having had very high aspirations for myself, seeing
clinicians occupying positions of status would have been very powerful. Furthermore,
if I would been aided in recovery by someone who knows what ED recovery is like, I
would have granted the clinician significant credibility.

However, there are particular challenges to this dual identity of clinician and
lived experience expert in the field of EDs. Clinicians with lived experience may lack
objectivity, be at risk of relapse, engage in comparison, and blur boundaries [25].
Nevertheless, these risks can be mitigated through therapists meeting specific condi-
tions such as being fully recovered (though definitions of recovery vary widely),
receiving additional training and supervision, having high levels of self-awareness,
and engaging in therapy [25]. Furthermore, for clinicians, the longer the time since
recovery and the more sophisticated the training, the less likely relapse will occur [30].
Personally, I would not have been equipped to handle working on an inpatient ward
immediately after my recovery and it is only through the passage of time and the
deliberate steps I have taken towards growth that I now feel confident in my ability to
handle such responsibilities safely. Moreover, while sharing experiential knowledge can
enhance empathy and understanding, it should be done thoughtfully, as it is not always
necessary to disclose one’s own experiences to be beneficial to those in care [29].
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Furthermore, many clinicians hesitate to speak openly about their struggles due to
the stigma surrounding mental health, even within their own field. Concerns about
negative consequences for self and career and shame prevent some clinicians from
disclosing and help-seeking [31]. Indeed, putting my name to this piece of work was
something I thought through deeply, for this very reason. Additionally, while some
employers actively seek out ED clinicians with personal experience, others may refuse
to hire them, underscoring the diversity of opinions regarding this dual identity
within the field [25].

6. Conclusion

Reflecting on my struggles in adolescence through the lens of this chapter has been a
profound privilege, allowing me to discern more clearly what helped me ‘see that there
is light despite all of the darkness’, and what might help others to see the same. Whilst I
was recovering at home, I often sought reassurance from the fact that I could help oth-
ers in the future with my experience. In ED recovery, the importance of spreading hope
regarding recovery is crucial and may have broader implications for the wider field of
mental health recovery. No one should ever be told they will never recover and instead
sharing strategies and stories can aid recovery and help change this narrative.

After recovering from AN, I initially sought to avoid references to that chapter
of my life, hesitant to revisit it in conversations with friends and family. One reason
for this was I resisted the notion of being solely defined as a ‘recovered anorexic),
feeling that my identity extended far beyond that label. However, as time passed and
I pursued my education, earning a bachelor’s degree in Psychology and later study-
ing for a master’s in Mental Health Studies, I gained a profound appreciation for the
power of lived experience insights and the value that comes with embracing a dual
identity. Reclaiming the title of a survivor of one of the most challenging mental
health disorders has been profoundly empowering for me. It is also a way of honoring
the strength and resilience of individuals who have faced similar struggles. While that
period of my life was significant, I have come to realize that it has not defined who
I am nor confined my future; rather, it has opened doors to opportunities that have
arisen directly from my experiences, like writing this chapter.

As more individuals with lived experiences bravely share their stories, the stigma
surrounding mental health struggles diminishes, and we begin to see people for who
they truly are—individuals with unique stories, strengths, and resilience. I am deeply
grateful to everyone who supported me on my journey and told me that recovery was
possible. My hope is that anyone facing similar struggles can find that same support
and hope, in whatever form it may be. Additionally, the ultimate aim of this chapter
is to serve as a testament to the transformative power of hope, illustrating how it can
be found through various avenues. And while aspects of my experiences are unique, I
hope they resonate with others, offering understanding and inspiration.

In summary, firstly, creativity was a powerful tool for promoting my recovery by
fostering hope. Engaging in creative activities not only allowed me to envision life
beyond my illness but also provided a means of expression whilst offering a break
from disordered thoughts. Creative arts therapy, therefore, should be made available
to individuals of all ages struggling with EDs.

Secondly, supportive relationships were instrumental not only in implementing
my treatment plan but also in providing me with hope for recovery. The unwavering
support from friends and family served as a constant reminder that recovery was
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possible and reinforced my determination to persevere. Services aimed at treating
EDs must prioritize fostering stable relationships between parents, friends, and
individuals in recovery, due to the significant role they play.

Thirdly, using small goals to focus my recovery, helped me to remain hopeful
and thus support myself. Just one step at a time, achieving each milestone enabled
freedom to be gained alongside a sense of accomplishment. While the nature of these
goals may vary depending on the individual and their circumstances, the collabora-
tive process of setting and working towards them should be encouraged to ensure
optimal commitment and success.

Lastly, individuals with lived experience of eating disorders possess invaluable
insights and the potential to contribute to the recovery of others. Whether through
offering treatment support, sharing personal narratives in research, or even working
as clinicians, their first-hand understanding can offer tangible hope to those undergo-
ing recovery. The integration of support from individuals with lived experience into
services, particularly within CAMHS, should be sought.

These are just a few strategies that I feel did or would have supported my recovery
by providing me with hope for the future I am now living. I am proud to have joined
the individuals who have bravely faced death and chosen life [32].
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